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Abstract

Background: ALA is considered a cardioprotective nutrient, however some epidemiological
studies have suggested that dietary ALA intake increases the risk of prostate cancer.

Objective: To conduct a systematic review and meta-analysis of case-control and prospective
studies investigating the association between dietary ALA intake and prostate cancer risk.

Data Sources: MEDLINE and EMBASE were searched for relevant prospective and case-
control studies.

Eligibility Criteria for Selecting Studies: We included all prospective cohort, case-control,
nested case-cohort, and nested case-control studies that investigated the effect of dietary ALA
intake on the incidence (or diagnosis) of prostate cancer and provided relative risk (RR), hazard
ratios (HR), or odds ratios (OR) estimates.

Design: Data were pooled using the generic inverse variance method with a random-effects
model from studies that compared the highest ALA quantile with the lowest ALA quantile. Risk
estimates were expressed as relative risk (RR) with 95% confidence intervals (CI). Heterogeneity
was assessed by y* and quantified by I°.

Results: Data from 5 prospective and 7 case-control studies were pooled. The overall RR
estimate showed ALA intake to be positively, but non-significantly associated with prostate
cancer risk (1.08 [0.90 to 1.29], P=0.40, I’=85% ), but the interpretation was complicated by
evidence of heterogeneity not explained by study design. A weak non-significant protective
effect of ALA intake on prostate cancer risk in the prospective studies which became significant
(0.91 [0.83 to 0.99], P=0.02) without evidence of heterogeneity (’=8%, P=0.35) on removal of
one study during sensitivity analyses.

Conclusions: This analysis failed to confirm an association between dietary ALA intake and
prostate cancer risk. Larger and longer observational and interventional studies are needed to

define the role of ALA and prostate cancer.

Key Words: Alpha-linolenic acid, prostate cancer, omega-3 fatty acid, meta-analysis
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Introduction

Prostate cancer is the second most common cancer in men worldwide '. Prostate cancer
incidence rates vary widely among countries, populations, and races. Incidence rates vary by
more than 25-fold worldwide, with the highest rates documented in the developed countries of
North America, Europe, and Oceania, which may be due largely to the wide utilization of
prostate- specific antigen (PSA) testing that detects clinically important tumors that might
otherwise escape diagnosis *. In contrast, males of African descent in the Caribbean region have
the highest prostate cancer mortality rates in the world %, which is thought to reflect partly a
difference in genetic susceptibility > *. The large differences in prostate cancer incidence rates
have led to many migration and ecologic studies, which have provided strong evidence for the
role of environmental factors, such as diet, in the etiology of prostate cancer >'*. In 1975,
Armstrong and Doll first hypothesized that there was an association between dietary fat and
death from prostate cancer '2, and many studies have examined this connection '>'®, but in recent
years more attention has been focused on specific fatty acids. Several studies have examined the
association between polyunsaturated fatty acids (PUFAs) and risk of prostate cancer '°°. There
has been particular interest in alpha-linolenic acid (ALA), the parent fatty acid for the ®-3
PUFAs, since increased consumption of ®-3 fatty acids is advised for cardiovascular disease risk
reduction 2*% despite a possible association with prostate cancer *°.

Dietary ALA occurs mainly in plants and vegetable oils with certain seed oils (flaxseed,
perilla, chia seed, and canola), beans (soybeans, navy beans), and nuts (walnuts) singled out as
examples of healthy foods due to their high ALA content 3! However, in the United States, the
important sources of ALA are animal-based foods high in saturated fats, such as red meats, beef,
pork, and lamb, rather than ALA-rich vegetable sources, such as walnuts. °. The largest
proportion of ALA (53.8%) comes from red meat in Uruguay **, but comes from margarine
(25%) in the Netherlands **. Furthermore, foods such as bread, eggs, and margarine are now
being enriched with ALA to increase their healthfulness. Therefore, it appears timely to
determine whether there are associations between ®-3 fatty acid-rich foods, generally believed to

be healthy, and prostate cancer risk.
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Methods

We followed the Cochrane handbook for systematic reviews of interventions version
5.1.0 updated March 2011 for the planning and conduct of this meta-analysis **. The reporting
followed the QUOROM (Quality of Reporting of Meta-analyses) guidelines .

Study Selection

We conducted a search of MEDLINE (1948-April 17, 2009) and EMBASE (1974-April
17, 2009) using the following search terms and Boolean operators: prostate AND (cancer OR
adenoma OR adenocarcinoma OR neoplasia OR gleason score) AND (alpha-linolenic acid OR
n-3 fatty acids OR omega-3 fatty acids). The search was restricted to human research studies. No
limit was placed on language. Manual searches of references cited by the published original
studies and review articles supplemented the database search strategy. This search strategy was
last updated on August 28, 2012. We included all prospective cohort, case-control, nested case-
cohort, and nested case-control studies that investigated the effect of dietary ALA intake on the
incidence (or diagnosis) of prostate cancer and provided relative risk (RR), hazard ratios (HR), or
odds ratios (OR) estimates. No randomized controlled trials were identified. No lone abstracts or
unpublished studies were identified. In cases where multiple publications existed for the same

study, the article with the most recent information was included.

Data Extraction

Two investigators (AJC, JLS) independently extracted relevant data on study
characteristics and outcomes using a standardized proforma. These data included information
about study design (prospective cohort, case-control, etc.), sample size and participant
characteristics (nationality, race, named cohort, country of residence, gender, age, disease status,
preexisting medical conditions), follow-up duration, sources of ALA, method of ALA status
assessment, endpoints (incidence of prostate cancer, prostate specific antigen (PSA), Gleason
score etc.), endpoint assessment (self-reporting, medical records, biopsy, etc.), and number of
new incident cases. Bounds of intake categories, quartiles or quintiles, were also recorded. RR,
HR, or OR with the greatest degree of control for other environmental and dietary risk factors,
and their corresponding 95% CIs for incident prostate cancer risk were extracted as the main

endpoint. Disagreements were reconciled by consensus and where necessary by discussion with
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another investigator (DJAJ). Authors were not contacted to request any additional information or

translation.

Statistical Analysis

Data were analyzed using Review Manager (RevMan) 5.1 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark). We used the reported RR or OR of the
highest versus lowest intake category, as the measure of the relation between ALA intake and
prostate cancer risk. A pooled analysis of all reports was conducted using the Generic Inverse
Variance method using random effects models *® where the log RRs for cohort studies or log
ORs for case-control studies were weighted by the inverse of the variance to obtain a pooled RR
estimate. Since nested case-cohort and nested case-control studies are temporally prospective, we
analyzed data from these studies with the prospective studies. As in other meta-analyses that
have examined prostate cancer 303738 ORs were considered as approximations of RRs. Inter-
study heterogeneity was assessed by Cochrane’s Q (Chi* P<0.10) and quantified by I* . An I2
>50% indicated “substantial” heterogeneity and >75% indicated “considerable” heterogeneity. *°.
The influence of individual studies was investigated by systematically removing each study and
recalculating the pooled effect. An a priori subgroup analysis by study design, (prospective
versus case-control), was also undertaken to investigate heterogeneity. Meta-regressions were
performed to assess the significance of study design on effect modification (STATA 11.2.,
College Station, USA). Publication bias was investigated by visual inspection of funnel plots,

and formally tested using Begg’s and Egger’s tests.

Results

Search Results

Figure 1 shows the flow of the literature selection applying the systematic search and
selection strategies to identify eligible reports. Two hundred and forty three reports were
identified by the search and two reports were manually included after a database search. Of
these, 233 were determined to be irrelevant on review of the titles and abstracts. Four additional
reports were then manually included. The remaining 16 reports were retrieved and reviewed in
full, of which 4 were excluded. Results for The Health Professionals’ Follow-up Study were

published in three separate publications at different times of follow-up 2! > %. Only the most

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

148
149
150

151

152
153
154
155
156
157
158
159

160

161
162
163
164
165
166
167
168

169

170
171
172
173
174
175

BMJ Open

13

recent publication of the results, by Giovannucci et al. in 2007, was included in the analyses as
representing the cumulative experience of the earlier assessments of this cohort *'. A total of 12

reports, 5 prospective and 7 case-control studies, were included in the pooled analyses.

Study Characteristics

Table 1 shows the characteristics of the 12 included studies, which were composed of 7

32 40-45 19-22 24

case-control studies and 5 prospective studies that used 3 designs: cohort, nested
case-cohort, and nested case-control. Five studies were conducted in North America, 1 in South
America, and 6 in Europe. The 12 included studies contained a total of 14,795 cases of prostate
cancer and 231,143 controls. All studies obtained dietary data using food frequency
questionnaires (FFQ). Individual and average dietary ALA intake in these studies ranged from
~0.05 to 4.16 g/d) and the reported relative risk or odds ratio of the highest versus the lowest

intake category ranged from 0.7 to 3.91.

Primary Analysis

The overall analysis of the 12 studies examined prostate cancer, comparing the highest
with the lowest ALA intake category. Seven studies reported a protective effect of ALA intake
on prostate cancer, 2 of which were significant, and the remaining five studies reported a positive
association, of which 3 were significant. Overall, although the relative risk was increased
numerically by 8%, this increase in prostate cancer risk was not significant (RR: 1.08; 95%CI:
0.90, 1.29, P=0.40) (Figure 2). However, there was evidence of considerable inter-study
heterogeneity (I’=85%, P<0.00001). Systematic removal of each study during sensitivity

analyses did not suggest any single study was an influential outlier.

Subgroup Analyses

In an a priori subgroup analysis, we found no evidence of effect measure modification
according to study design (P for heterogeneity= 0.331). There remained significant unexplained
heterogeneity within each type of study design. In case-control studies (n=7), the summary RR
was 1.30 (95%CI: 0.81, 2.07, P=0.27), with substantial inter-study heterogeneity (I>=90%,
P<0.00001) (Figure 3). Removal of no single study during sensitivity analyses explained the

heterogeneity. In prospective studies alone (n=5), no association between ALA intake and
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prostate cancer risk was revealed (RR: 0.95; 95%CI: 0.84, 1.09, P=0.48) (Figure 5) but there
existed considerable inter-study heterogeneity (I"=69%, P=0.01) Sensitivity analyses showed
that removal of the study by Giovannucci et al. 2! eliminated heterogeneity with prospective
studies (Iz=8%, P=0.35 and made the protective effect significant (RR=0.91; 95%CI: 0.83,0.99,
P=0.02) (Figure 6). Neither Begg's (P>0.165) nor Egger's (P>0.527) tests revealed evidence of
publication bias, however, one study by Ramon et al. ** had an unusually large effect with a

small standard error.

Discussion

Summary of Results

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated
heterogeneous effects of ALA on prostate cancer risk. Overall, there was no significant
association between ALA intake and risk of prostate cancer. The subgroup analysis of case
control studies alone showed a positive non-significant association, but with substantial
heterogeneity. However, upon removal of the studies by De Stefani et al. ** and Ramon et al. *,
which reported large odds ratios greater than 3 but were still within 2 standard deviations of the
mean effect, the association became weakly protective with decreased heterogeneity. When
examining the prospective studies alone, the association between ALA intake and prostate cancer
risk was weakly protective and after removal of the study by Giovannucci et al. *' became
significantly protective with no heterogeneity.

The results from the prospective studies are similar to those of previously published
findings that examined only prospective studies *’. Our study additionally investigated the
association between dietary ALA intake and prostate cancer risk among case-control studies and
reached a similar conclusion although the case control studies suggested an element of increased
risk, which was dependent on the inclusion of two studies with very high odds ratios, the reasons

for which are difficult to explain.
Variation in the Effect of ALA between Studies

In our study, different findings in the individual studies reviewed may be explained by a

number of factors: variation in ALA consumption as a result of the population’s dietary patterns,
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differing sources of ALA, variation in ALA exposure levels, or use of different FFQs and food
databases.

In the Netherlands, the chief sources of ALA include margarine (25% of daily intake),
meat (11%), bread (10%), and vegetables (8%) **, whereas in the United States, major sources of
ALA come from mayonnaise, creamy salad dressings, margarine, butter, beef, pork, lamb, and
oil and vinegar-based dressings *°. Interestingly, the prospective study from the Netherlands
reported a weak protective effect of ALA intake on prostate cancer risk *°, but the most recent
study from the United States reported a 25% increase in risk *'. This difference may be due to the
nature of the foods that contain ALA since in the United States, the sources of ALA are not the
“healthy” sources where ALA is naturally found (e.g. flaxseed, walnuts, and canola oil), but
rather profiled an unhealthy diet (e.g. canola oil in the form of mayonnaise and creamy salad
dressings), which may be indicative of a less healthy lifestyle and this in itself may contribute to
an increased risk of prostate cancer independent of ALA intake levels.

In addition, in the case-control studies from Uruguay ** and Spain ** that showed the
largest increases in prostate cancer risk demonstrated that meat, and not vegetable, was the major
source of ALA. When these two studies were removed from the analysis of the case-control
studies, the effect of ALA intake on prostate cancer changed from a weakly positive to a weakly
protective effect. Compared with the other studies from Europe and the United States, there is a
much higher consumption of meat in Spain *’ and Uruguay, with Uruguay having the highest
meat consumption per capita in the world 8 An earlier analysis of the Health Professionals
Follow-up Study cohort ** supports this positive association between red meat consumption and
prostate cancer risk. Further, the two studies from Spanish-speaking countries also investigated
the effect of animal fat on prostate cancer and both found significant positive associations. The
Uruguayan study ** observed an almost 3 times increased risk of prostate cancer at the highest
level of ALA derived from animal sources and the Spanish study ** revealed that the highest
level of animal fat intake was associated with 2 times the risk of developing prostate cancer.
These findings indicate that high meat intake rather than high ALA could explain ALA’s
apparent adverse effect on prostate cancer. A further explanation for the apparent association of
prostate cancer incidence with vegetable sources of ALA may be that in addition those who
follow healthy lifestyles with increased plant ALA sources may undergo more frequent prostate

specific antigen (PSA) testing and therefore have early prostate cancer detection. In this respect
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it has been found that higher whole grain intake was also associated with increased prostate
cancer risk. However, when frequency of PSA screening was accounted for, the association of
whole grains with prostate cancer incidence disappeared *°. These studies indicate the
importance of not only identifying the dietary sources of ALA, but taking into account what the
nature of the foods may indicate in terms of diet and lifestyle since these also may affect prostate
cancer risk.

Another important aspect to consider is the differing exposure levels between the studies.
Each study had different cut-offs for each quantile, which makes a true comparison of ALA
intake exposure difficult since some studies had higher levels of ALA in their highest intake
quantile than others. Further, some studies did not adequately define the absolute upper and/or

213243 : : 41
and one study did not report numerical exposure levels *. Two

lower limits of ALA intake
studies, one from Spain ** and one from the Netherlands *, with the largest adequately defined
upper and lower limits of ALA exposure ranges, paradoxically reported the second highest and
the second lowest risk of developing prostate cancer, respectively. Since the studies with the
greatest range of exposure do not necessarily show the greatest effects, dietary variation in the
levels of exposure does not appear to explain differences among the studies, thereby making
differences in dietary sources of ALA of more importance especially in relation to meat
consumption in Western countries.

Lastly, in terms of utilizing different FFQs and food databases, each study used a
different dietary FFQ. ALA content of processed food can vary, which can be of concern when

using food databases to translate food intake into fatty acid intake. For example, the ALA

content of 12 margarines available in Australia range from 0.2% to 5.9% °.

Overall Non-significant Effect of ALA

The overall effect of ALA on prostate cancer was found to be non-significant and may be
attributed to a number of factors including ALA exposure levels that are within health
guidelines, confounding from other polyunsaturated fatty acids, and the difference in effect of
ALA on mortality versus incidence.

The mean dietary ALA intake levels observed in these studies were all within the dietary
reference intake (DRI) range of 1.1 to 1.6 g/d !, suggesting that ALA may not increase the risk

of cancer more than any other nutrient which provides a stimulus to cell growth and since ALA
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is a nutrient in which the Western diet is deficient *%, it may be that a deficiency prevents the
growth of cancer rather than an excess causing prostate cancer growth.

Another issue to consider is confounding from other polyunsaturated fatty acids such as
omega-6 or other omega-3 fatty acids (eicosapentaenoic and docosahexaenoic fatty acids) that
might affect ALA metabolism > and consequently may introduce bias. The case-control study
from the United States ** demonstrated this as there was no significant association between ALA,
omega-3, or omega-6 fatty acids and prostate cancer risk individually, but the highest dietary
ratio of omega-6/omega-3 fatty acids was significantly associated with increased risk of high
grade prostate cancer.

Finally, our analysis involved cancer incidence not mortality and ALA, and most other
factors including energy intake, height, body mass index, calcium, and smoking are associated
with cancer mortality *'. The study by De Stefani et al. %, which was the only study that defined
cases solely as advanced prostate cancer, had the highest risk estimate of prostate cancer,
indicating that ALA may be strongly associated with disease severity rather than incidence. In
support of this point, the prospective study by Giovannucci et al. ' found that higher ALA intake
was more strongly associated with increased risk of fatal prostate cancer than with incident.
However, three other prospective studies did not find any difference between the effects of ALA
on incident or advanced prostate cancer cases '° 2° *2. From these mixed findings, it is unclear
whether ALA is associated with severity of prostate cancer, but determining whether ALA
impacts prostate cancer incidence or progression is an important distinction that should be
investigated in the future. Furthermore, the picture of ALA’s effect on prostate cancer is
complicated by the positive association of incident prostate cancer with either serum or adipose
tissue ALA levels 2****® despite the in vitro evidence which suggests that ALA may suppress

prostate cancer cell growth >

. However, there appears to be some correlation between ALA
intake and serum ALA levels. In terms of intake, Gann et al. °* found that plasma ALA levels
were significantly positively correlated with meat and dairy product intake, and similar to the
prospective analysis from the Health Professionals Follow-Up Study *°, they found that red meat
was positively associated with advanced prostate cancer, whereas diary foods were not. This
corroboration not only suggests a correlation between ALA intake and serum ALA levels, but
enforces the positive association between ALA from red meat and prostate cancer as seen in the

studies from Uruguay ** and Spain *?, rather than from plant foods.
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Limitations and Possible Sources of Heterogeneity

In considering the limitations of the meta-analysis, it should be noted that all data
currently available for inclusion come from epidemiological studies since there are no data from
randomized controlled trials due to ethical concerns. Interpretation of the analyses is complicated
by the evidence of considerable heterogeneity among the studies, therefore a number of potential
contributing factors should be considered. First, study design should be taken into account. The
association between ALA intake and prostate cancer risk was stronger overall in the case-control
studies than in the prospective. However, since case-control studies collect dietary intake
information after disease development there is the possibility of recall bias, whereas prospective
studies collect intake information before disease diagnosis. Secondly, follow-up time could also
have an effect on heterogeneity, especially since the study by Giovannucci et al. ! had the
longest follow-up duration (16 years). Comparing previous prospective studies following the

same cohort ° %

with this most recent study ', demonstrates a shift over time (total of 12 years)
from a non-significant to a significant positive association between ALA intake and prostate
cancer. So, the heterogeneity induced by this study may indicate that follow-up duration is
positively related to the strength of the association between ALA and prostate cancer risk. After
investigating this suggestion, the effect of follow-up duration on relative risk among the

prospective studies was found to be positively, but not significantly correlated (r=0.47).

Conclusion

In conclusion, these findings provide no clear evidence of an association between dietary
ALA intake and prostate cancer risk since studies that show an association between ALA intake
and prostate cancer are observational and causation is difficult to establish. Therefore, additional
research from epidemiological, clinical, and in vitro studies are required to elucidate whether
ALA has a promotional or inhibitory effect on prostate cancer risk and development. For the
present, no significant association has been found and where any support of a positive effect was
seen, red meat sources have been strongly implicated. The source of ALA appears to be of
importance, particularly identifying whether it is from animal or vegetable sources, as ALA may
be a marker for higher meat and fat intake in some countries both of which have been associated

with increased prostate cancer risk. Attention should also be paid to the effect of ALA on
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prostate cancer progression to address the issues of specific vulnerability identified in the studies

of 2! 32, However, the relation of dietary intake of ALA to prostate cancer risk is likely to

continue to be difficult to resolve through randomized controlled trials due to the significant

public health implications of reducing/eliminating a dietary fatty acid which is essential and has

suggested heart health benefits. Of probably greater importance is determination of the sources

of the fatty acid since ALA is associated in the North American diet with meat membranes and

creamy salad dressings, which themselves may be markers of a suboptimal dietary pattern and

lifestyle

Article Summary

Article Focus

ALA is considered a cardioprotective nutrient, however some epidemiological studies
have suggested that dietary ALA intake increases the risk of prostate cancer

A systematic review and meta-analysis of case-control and prospective studies was
conducted to investigate the association between dietary ALA intake and prostate cancer

risk

Key messages

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated
overall no significant association between ALA intake and risk of prostate cancer

The subgroup analysis of case control studies alone showed a positive non-significant
association, but with substantial heterogeneity. However, upon removal of the studies,
which reported large odds ratios, the association became weakly protective with
decreased heterogeneity

The subgroup analysis of case control studies alone showed a positive non-significant
association, but with substantial heterogeneity, which suggests an element of increased
risk dependent on the inclusion of two studies with very high odds ratios, the reasons for

which are difficult to explain

Strengths and Limitations:

This meta-analysis includes both prospective and case control studies to determine the

effect of ALA on prostate cancer
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e Possible confounders and sources of heterogeneity were discussed and explored in
relation to the results

e Interpretation of analyses was complicated by considerable heterogeneity among the
studies, which may be due to lack of randomized controlled trials, study design, and

follow-up duration

“What this Paper Adds”

ALA is considered a cardioprotective nutrient, however some epidemiological studies have
suggested that dietary ALA intake increases the risk of prostate cancer. Although Carayol et al.
conducted a meta-analysis on the effect of dietary ALA on prostate cancer in 2010, only prospective
studies were analyzed and case-control studies were not included. Overall, we found no significant
association between ALA intake and risk of prostate cancer. The results from the prospective studies
were similar to those of previously published findings. However, the subgroup analysis of case control
studies alone showed a positive non-significant association, but with substantial heterogeneity. The case
control studies suggested an element of increased risk, which was dependent on the inclusion of two
studies with very high odds ratios, the reasons for which are difficult to explain. Additional research
from epidemiological, clinical, and in vitro studies are required to elucidate whether ALA has a

promotional or inhibitory effect on prostate cancer risk and development.
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Table 1 - Characteristics of studies included in the meta-analysis of alphadinolenic acid intake and prostate cancer
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Country of Age Incident Follow-up Relative Risk or

Study Origin Study Design Sample size (years) Cases (years) Exposure level (g/d) Odds Ratio 95%Cl
Andersson et al. 1996 [38] Sweden Case-control 526 cases/536 controls <80 - - 0.817 - 1.352 0.93 0.65-1.32
Meyer et al. 1997 [39] Canada Case-control 215 cases/593 controls 45 - - - 0.98 0.54-1.78
Schuurman et al. 1999 [18]*  Netherlands Nested case-cohort 58279 (1525 subcohort) 5569 642 6.3 0.7-21 0.76 0.66-1.04
De Stefani et al. 2000 [29] Uruguay Case-control 217 cases/431 controls 40-89 - - <0.8-2=1.5 3.91 1.50-10.1
Ramon et al. 2000 [40] Spain Case-control 217 cases/434 controls <60-80 - - 0.72-21 3.1 2247
Mannisto et al. 2003 [22]* Finland Nested case-control 198 cases/198 controls 50-69 246 58 1.0-23 1.16 0.64-2.13
Bidoli et al. 2005 [41] ltaly Case-control 1294 cases/1451 controls 4574 - - mean 1.6 0.7 0.6-0.9
Koralek et al. 2006 [20]* United States Prospective cohort 29,592 55-74 1898 5.1 1.09-1.75 0.4 0.81-1.09
Hedelin et al. 2007 [42] Sweden Case-control 1499 cases/1130 controls = mean 67.3 - - 0.05-0.60 1.35 0.99-1.84
Giovannucci et al. 2007 [19]* United States Prospective cohort 47,750 40-75 3544 16 <0.79-21.32 1.12 1.01-1.25
Park et al. 2007 [17]* United States Prospective cohort 82,483 45 4404 8 1.1-2.141 0.92 0.84-1.02
Williams et al. 2011 [43] United States Case-control 79 cases/187 controls >18 - - <1.0-4.156t 0.82 0.41-1.65

* Prospective studies.
1 Based on a 2000 kcal diet.
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243 References identified
98 MEDLINE (1948-2012)
145 EMBASE (1974-2012)
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Figure 1 - Flow of the literature.
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Risk Ratio Risk Ratio
Study or Subgroup Weight 1V, Random, 95% CI Year IV, Random, 95% CI
Andersson 1996 [38] 8.4% 0.93[0.65, 1.33] 1996 B
Meyer 1997 [39] 5.2% 0.98[0.54, 1.78] 1997 S
Schuurman 1999 [18] 10.5% 0.76[0.61, 0.95] 1999 -
De Stefani 2000 [29] 2.7% 3.91[1.51, 10.15] 2000
Ramon 2000 [40] 8.0% 3.10[2.12,4.53] 2000 -
Mannisto 2003 [22] 5.1% 1.16 [0.64, 2.12] 2003 B
Bidoli 2005 [41] 10.9% 0.70[0.57,0.86] 2005 -
Koralek 2006 [20] 11.6% 0.94[0.81, 1.09] 2006 i
Giovannucci 2007 [19] 12.1% 1.12[1.01, 1.25] 2007 =
Hedelin 2007 [42] 9.1% 1.35[0.99, 1.84] 2007 |
Park 2007 [17] 12.2% 0.92[0.83, 1.01] 2007 ‘
Williams 2011 [43] 4.3% 0.82[0.41, 1.64] 2011 - 1
Total (95% CI) 100.0% 1.08 [0.90, 1.29] ?

Heterogeneity: Tau? = 0.06; Chi? = 71.45, df = 11 (P < 0.00001); I> = 85%

Test for overall effect: Z = 0.84 (P = 0.40) Favours ALA Favours Control

Figure 2 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control, nested
case-control, nested case-cohort, and cohort studies. Relative Risk (RR) with 95% CI, study

weights, and pooled effect estimates were generated using the general inverse variance method

0102 05 1 2 5 10

with random effects models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study

heterogeneity was tested by Cochrane’s Q (Chi?) at a significance level of P<0.10 and quantified

by I?, where I*> 50 % is considered to be evidence of substantial heterogeneity and >75%,

considerable heterogeneity **.

Risk Ratio Risk Ratio
Study or Subgroup Weight 1V, Random, 95% CI Year IV, Random, 95% CI
Andersson 1996 [38] 15.7% 0.93 [0.65, 1.33] 1996 .
Meyer 1997 [39] 13.5% 0.98 [0.54, 1.78] 1997 -1
Ramon 2000 [40] 15.5% 3.10[2.12,4.53] 2000 -
De Stefani 2000 [29] 10.0% 3.91[1.51,10.15] 2000 - -
Bidoli 2005 [41] 16.7% 0.70[0.57,0.86] 2005 =
Hedelin 2007 [42] 16.1% 1.35[0.99, 1.84] 2007 |l
Williams 2011 [43] 12.5% 0.82[0.41,1.64] 2011 - =
Total (95% Cl) 100.0% 1.30 [0.81, 2.07] ?

Heterogeneity: Tau? = 0.33; Chi? = 57.44, df = 6 (P < 0.00001); I*> = 90%

Test for overall effect: Z=1.10 (P = 0.27) Favours ALA Favours Control

Figure 3 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies.

Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
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using the general inverse variance method with random effects models (RevMan 5.1, Cochrane

Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi®) at a

significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity **.

Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% CI Year IV, Random, 95% CI
Andersson 1996 [38] 22.2% 0.93 [0.65, 1.33] 1996 ——
Meyer 1997 [39] 14.0% 0.98[0.54, 1.78] 1997 . B
Ramon 2000 [40] 0.0% 3.10[2.12, 4.53] 2000
De Stefani 2000 [29] 0.0% 3.91[1.51,10.15] 2000
Bidoli 2005 [41] 28.2% 0.70[0.57, 0.86] 2005 =
Hedelin 2007 [42] 24.0% 1.35[0.99, 1.84] 2007 Bl
Williams 2011 [43] 11.6% 0.82[0.41, 1.64] 2011 - "
Total (95% Cl) 100.0% 0.93 [0.69, 1.25]

0102 05 1 2 5 10
Favours ALA Favours Control

Heterogeneity: Tau? = 0.07; Chi? = 12.46, df =4 (P = 0.01); 1> = 68%
Test for overall effect: Z = 0.47 (P = 0.64)

Figure 4 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies
after the removal of the studies by Ramon et al. **
analysis. Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were

generated using the general inverse variance method with random effects models (RevMan 5.1,

Cochrane Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q

(Chi?) at a significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be

evidence of substantial heterogeneity and >75%, considerable heterogeneity **.

and De Stefani et al. > following a sensitivity

Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% CI Year IV, Random, 95% CI
Schuurman 1999 [18] 16.6% 0.76 [0.61, 0.95] 1999 =
Mannisto 2003 [22] 4.1% 1.16 [0.64, 2.12] 2003 N
Koralek 2006 [20] 23.4% 0.94 [0.81, 1.09] 2006
Giovannucci 2007 [19] 27.5% 1.12[1.01, 1.25] 2007 }
Park 2007 [17] 28.4% 0.92[0.83, 1.01] 2007
Total (95% CI) 100.0% 0.95[0.84, 1.09] %

0102 05 1 2 5 10
Favours ALA Favours Control

Heterogeneity: Tau? = 0.01; Chi? = 13.03, df =4 (P = 0.01); I* = 69%
Test for overall effect: Z=0.70 (P = 0.48)

Figure 5 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated

using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
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Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity **.

©CoO~NOUTA,WNPE

10 Rate Ratio Rate Ratio

11 Study or Subgroup Weight IV, Random, 95% CI Year IV, Random, 95% CI
12 Schuurman 1999 [18] 12.8% 0.76 [0.61, 0.95] 1999 -
13 Mannisto 2003 [22] 1.9% 1.16 [0.64, 2.12] 2003 —T
14 Koralek 2006 [20] 28.1% 0.94 [0.81, 1.09] 2006 :

15 Park 2007 [17] 57.1% 0.92[0.83, 1.01] 2007

Giovannucci 2007 [19] 0.0% 1.12[1.01, 1.25] 2007

18 Total (95% Cl) 100.0% 0.9 [0.83, 0.99] ¢4
20 Heterogeneity: Tau? = 0.00; Chi? = 3.27, df = 3 (P = 0.35); I>= 8% '
21 Test for overall effect: Z =2.28 (P = 0.02)

0102 05 1 2 5 10
Favours ALA Favours Control

Figure 6 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies

25 after the systematic removal of the study by Giovannucci et al. > following a sensitivity analysis.
27 Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated

29 using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
32 significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

34 substantial heterogeneity and >75%, considerable heterogeneity **.
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ABSTRACT

Background: ALA is considered a cardioprotective nutrient, however some epidemiological
studies have suggested that dietary ALA intake increases the risk of prostate cancer.

Objective: To conduct a systematic review and meta-analysis of case-control and prospective
studies investigating the association between dietary ALA intake and prostate cancer risk.

Data Sources: MEDLINE and EMBASE were searched for relevant prospective and case-
control studies.

Eligibility Criteria for Selecting Studies: We included all prospective cohort, case-control,
nested case-cohort, and nested case-control studies that investigated the effect of dietary ALA
intake on the incidence (or diagnosis) of prostate cancer and provided relative risk (RR), hazard
ratios (HR), or odds ratios (OR) estimates.

Design: Data were pooled using the generic inverse variance method with a random-effects
model from studies that compared the highest ALA quantile with the lowest ALA quantile. Risk
estimates were expressed as relative risk (RR) with 95% confidence intervals (CI). Heterogeneity
was assessed by y* and quantified by I*.

Results: Data from 5 prospective and 7 case-control studies were pooled. The overall RR
estimate showed ALA intake to be positively, but non-significantly associated with prostate
cancer risk (1.08 [0.90 to 1.29], P=0.40, I’=85%)), but the interpretation was complicated by
evidence of heterogeneity not explained by study design. A weak non-significant protective
effect of ALA intake on prostate cancer risk in the prospective studies became significant (0.91
[0.83 to 0.99], P=0.02) without evidence of heterogeneity (I’=8%, P=0.35) on removal of one
study during sensitivity analyses.

Conclusions: This analysis failed to confirm an association between dietary ALA intake and
prostate cancer risk. Larger and longer observational and interventional studies are needed to

define the role of ALA and prostate cancer.

Key Words: Alpha-linolenic acid, prostate cancer, omega-3 fatty acid, meta-analysis
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INTRODUCTION

Prostate cancer is the second most common cancer in men worldwide '. Prostate cancer
incidence rates vary widely among countries, populations, and races. Incidence rates vary by
more than 25-fold worldwide, with the highest rates documented in the developed countries of
North America, Europe, and Oceania, which may be due largely to the wide utilization of
prostate- specific antigen (PSA) testing that detects clinically important tumors that might
otherwise escape diagnosis 2 In contrast, males of African descent in the Caribbean region have
the highest prostate cancer mortality rates in the world %, which is thought to reflect partly a
difference in genetic susceptibility > *. The large differences in prostate cancer incidence rates
have led to many migration and ecologic studies, which have provided strong evidence for the
role of environmental factors, such as diet, in the etiology of prostate cancer 14 n 1975,
Armstrong and Doll first hypothesized that there was an association between dietary fat and
death from prostate cancer '*, and many studies have examined this connection '>'*, but in recent
years more attention has been focused on specific fatty acids. Several studies have examined the
association between polyunsaturated fatty acids (PUFAs) and risk of prostate cancer '°°. There
has been particular interest in alpha-linolenic acid (ALA), the parent fatty acid for the ®-3
PUFAs, since increased consumption of ®-3 fatty acids is advised for cardiovascular disease risk
reduction 2 despite a possible association with prostate cancer *°.

Dietary ALA occurs mainly in plants and vegetable oils with certain seed oils (flaxseed,
perilla, chia seed, and canola), beans (soybeans, navy beans), and nuts (walnuts) singled out as
examples of healthy foods due to their high ALA content 3! However, in the United States, the
important sources of ALA are animal-based foods high in saturated fats, such as red meats, beef,
pork, and lamb, rather than ALA-rich vegetable sources, such as walnuts. °. The largest
proportion of ALA (53.8%) comes from red meat in Uruguay %, but comes from margarine
(25%) in the Netherlands **. Furthermore, foods such as bread, eggs, and margarine are now
being enriched with ALA to increase their healthfulness.

There are currently divergent health views on ALA. Numerous epidemiological >*** and
clinical studies **** have shown that ALA is associated with a reduction in coronary heart
disease (CHD) incidence and heart disease mortality. However, since ALA has also been

253032 43-47

associated with an increased risk of prostate cancer, the seriousness of this potential
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association requires that any favourable effects of ALA on CHD be weighed against its possible

19-2224 and case-control studies

adverse effects on prostate cancer. Numerous prospective cohort
32454832 have investigated the association between ALA and prostate cancer risk. While previous
meta-analyses *° > >* have been conducted to determine whether a relationship exists, there has
been no meta-analysis since 2010, examining the specific effect of dietary ALA on prostate
cancer risk and none since 2009, that included in both prospective cohort and case-control
studies. Therefore, it appears timely to determine whether there are associations between dietary

ALA from o-3 fatty acid-rich foods, generally believed to be healthy, and prostate cancer risk.

METHODS

We followed the Cochrane handbook for systematic reviews of interventions version
5.1.0 updated March 2011 for the planning and conduct of this meta-analysis >. The reporting
followed the QUOROM (Quality of Reporting of Meta-analyses) guidelines 3,

Study Selection

We conducted a search of MEDLINE (1948-April 17, 2009) and EMBASE (1974-April
17, 2009) using the following search terms and Boolean operators: prostate AND (cancer OR
adenoma OR adenocarcinoma OR neoplasia OR gleason score) AND (alpha-linolenic acid OR
n-3 fatty acids OR omega-3 fatty acids). The search was restricted to human research studies. No
limit was placed on language. Manual searches of references cited by the published original
studies and review articles supplemented the database search strategy. This search strategy was
last updated on August 28, 2012. We included all prospective cohort, case-control, nested case-
cohort, and nested case-control studies that investigated the effect of dietary ALA intake on the
incidence (or diagnosis) of prostate cancer and provided relative risk (RR), hazard ratios (HR), or
odds ratios (OR) estimates. No randomized controlled trials were identified. No lone abstracts or
unpublished studies were identified. In cases where multiple publications existed for the same

study, the article with the most recent information was included.

Data Extraction

Two investigators (AJC, JLS) independently extracted relevant data on study
characteristics and outcomes using a standardized proforma. These data included information

about study design (prospective cohort, case-control, etc.), sample size and participant
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characteristics (nationality, race, named cohort, country of residence, gender, age, disease status,
preexisting medical conditions), follow-up duration, sources of ALA, method of ALA status
assessment, endpoints (incidence of prostate cancer, prostate specific antigen (PSA), Gleason
score etc.), endpoint assessment (self-reporting, medical records, biopsy, etc.), and number of
new incident cases. Bounds of intake categories, quartiles or quintiles, were also recorded. RR,
HR, or OR with the greatest degree of control for other environmental and dietary risk factors,
and their corresponding 95% CIs for incident prostate cancer risk were extracted as the main
endpoint. Disagreements were reconciled by consensus and where necessary by discussion with
another investigator (DJAJ). Authors were not contacted to request any additional information or

translation.

Statistical Analysis

Data were analyzed using Review Manager (RevMan) 5.1 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark). We used the reported RR or OR of the
highest versus lowest intake category, as the measure of the relation between ALA intake and
prostate cancer risk. A pooled analysis of all reports was conducted using the Generic Inverse
Variance method using random effects models °’ where the log RRs for cohort studies or log
ORs for case-control studies were weighted by the inverse of the variance to obtain a pooled RR
estimate. Since nested case-cohort and nested case-control studies are temporally prospective, we
analyzed data from these studies with the prospective studies. As in other meta-analyses that
have examined prostate cancer *° >*°®, ORs were considered as approximations of RRs. Since the
initial risk of prostate cancer is low, it is unlikely that there will be a substantial discrepancy in
approximating ORs to RRs. *° Inter-study heterogeneity was assessed by Cochrane’s Q (Chi®
P<0.10) and quantified by I*. An I >50% indicated “substantial” heterogeneity and >75%
indicated “considerable” heterogeneity. ®° Sources of heterogeneity were explored by sensitivity
analyses whereby the influence of individual studies was investigated by systematic removal of
each study followed by recalculation of the pooled effect estimate and heterogeneity, as well as
removal of outlier studies with risk estimates larger than 2 standard deviations from the mean
risk estimate and recalculation of the pooled effect estimate and heterogeneity. We also
performed a priori subgroup analyses to assess effect modification by study design (prospective

versus case-control). Post-hoc analyses included dichotomous subgroup analyses to assess effect
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modification by study design (STATA 11.2., College Station, USA) and continuous analyses to
assess the effect of the duration of follow-up on relative risk among prospective studies.

Publication bias that was formally tested using Begg’s and Egger’s tests.

RESULTS
Search Results

Figure 1 shows the flow of the literature selection applying the systematic search and
selection strategies to identify eligible reports. Two hundred and forty three reports were
identified by the search and two reports were manually included after a database search. Of
these, 233 were determined to be irrelevant on review of the titles and abstracts. Four additional
reports were then manually included. The remaining 16 reports were retrieved and reviewed in
full, of which 4 were excluded. Results for The Health Professionals’ Follow-up Study were
published in three separate publications at different times of follow-up 2! > %. Only the most
recent publication of the results, by Giovannucci et al. in 2007, was included in the analyses as
representing the cumulative experience of the earlier assessments of this cohort 21 A total of 12

reports, 5 prospective and 7 case-control studies, were included in the pooled analyses.

Study Characteristics

Table 1 shows the characteristics of the 12 included studies, which were composed of 7

3245 48-52 19-22 24

case-control studies and 5 prospective studies that used 3 designs: cohort, nested
case-cohort, and nested case-control. Five studies were conducted in North America, 1 in South
America, and 6 in Europe. The 12 included studies contained a total of 14,795 cases of prostate
cancer and 231,143 controls. All studies obtained dietary data using food frequency
questionnaires (FFQ). Individual and average dietary ALA intake in these studies ranged from
~0.05 to 4.16 g/d) and the reported relative risk or odds ratio of the highest versus the lowest

intake category ranged from 0.7 to 3.91.

Primary Analysis

The overall analysis of the 12 studies examined prostate cancer, comparing the highest
with the lowest ALA intake category. Seven studies reported a protective effect of ALA intake

on prostate cancer, one of which was significant, and the remaining five studies reported a
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positive association, of which 3 were significant. Overall, although the relative risk was
increased numerically by 8%, this increase in prostate cancer risk was not significant (RR: 1.08;
95%CI: 0.90, 1.29, P=0.40) (Figure 2). However, there was evidence of considerable inter-study
heterogeneity (I’=85%, P<0.00001). Systematic removal of each study during sensitivity

analyses did not suggest any single study was an influential outlier.

Subgroup Analyses

Case-Control Studies

In an a priori meta-regression, we found no evidence of effect measure modification
according to study design (P for heterogeneity= 0.331). There remained significant unexplained
heterogeneity within each type of study design. In case-control studies (n=7), the summary RR
was 1.30 (95%CI: 0.81, 2.07, P=0.27), with considerable inter-study heterogeneity (I’=90%,
P<0.00001) (Figure 3). Systematic removal of each individual study during sensitivity analyses
did not explain the heterogeneity. Removal of the 2 case-control studies by Ramon et al.*’, De
Stefani et al.*” that reported risk estimates larger than 2 standard deviations from the pooled RR
estimate reduced the inter-study heterogeneity (I*=68%, P=0.01) but did not eliminate it (Figure
4). The overall association became weakly protective but was not significant (RR=0.93; 95%CI:
0.69,1.25, P=0.64) (Figure 4). Removal of the 3 case-control studies by Ramon et al.*’, De
Stefani et al.*?, and Bidoli et al. *° that had risk estimates outside the 95% CI of the pooled RR
estimate, eliminated heterogeneity in the case-control studies (I*=11%, P=0.34), but the overall
non-significant association between ALA intake and prostate cancer risk remained (RR=1.08;

95%CI: 0.86,1.36, P=0.49) (Figure 5).

Prospective Studies

In prospective studies alone (n=5), no association between ALA intake and prostate
cancer risk was revealed (RR: 0.95; 95%CI: 0.84, 1.09, P=0.48) (Figure 6) but there existed
substantial inter-study heterogeneity (I’=69%, P=0.01). Sensitivity analyses showed that removal
of the study by Giovannucci et al. *! eliminated heterogeneity with prospective studies (I*=8%,
P=0.35) and made the protective effect significant (RR=0.91; 95%CI: 0.83,0.99, P=0.02)
(Figure 7). Duration of follow-up in prospective studies was found to be positively but not

significantly associated with the magnitude of relative risk (r=0.47).
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Publication Bias
Neither Begg's (P>0.165) nor Egger's (P>0.527) tests revealed evidence of publication
bias, however, one study by Ramon et al. ** had an unusually large effect with a small standard

C1Tor.

DISCUSSION

Summary of Results

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated non-
significant heterogeneous effects of ALA on prostate cancer risk. Overall, there was no
significant association between ALA intake and risk of prostate cancer. The subgroup analysis of
case control studies alone showed a positive non-significant association, but with substantial
heterogeneity. However, upon removal of the studies by De Stefani et al. ** and Ramon et al. *°,
which reported large odds ratios greater than 3 but were still within 2 standard deviations of the
mean effect, the association became weakly protective with decreased heterogeneity. When
examining the prospective studies alone, the association between ALA intake and prostate cancer
risk was weakly protective and after removal of the study by Giovannucci et al. *' became
significantly protective with no heterogeneity.

The results from the prospective studies are similar to those of previously published
findings that examined only prospective studies >>. Our study additionally investigated the
association between dietary ALA intake and prostate cancer risk among case-control studies and
reached a similar conclusion although the case control studies suggested an element of increased
risk, which was dependent on the inclusion of two studies with very high odds ratios, the reasons

for which are difficult to explain.

Heterogeneity and the Effect of ALA between Studies
In our study, different findings reviewed and inter-study heterogeneity may be explained
by a number of factors: variation in ALA consumption and sources of ALA as a result of the

population’s dietary patterns, variation in ALA exposure levels, use of different FFQs and food
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databases, variation in adjustment factors, and difference in follow-up times among prospective

studies.

Variation in ALA Consumption and Sources, and Population Dietary Patterns.

In the Netherlands, the chief sources of ALA include margarine (25% of daily intake),
meat (11%), bread (10%), and vegetables (8%) **, whereas in the United States, major sources of
ALA come from mayonnaise, creamy salad dressings, margarine, butter, beef, pork, lamb, and
oil and vinegar-based dressings »°. Interestingly, the prospective study from the Netherlands
reported a weak protective effect of ALA intake on prostate cancer risk *°, but the most recent
study from the United States reported a 25% increase in risk >'. This difference may be due to the
nature of the foods that contain ALA since in the United States, the sources of ALA are not the
“healthy” sources where ALA is naturally found (e.g. flaxseed, walnuts, and canola oil), but
rather profiled an unhealthy diet (e.g. canola oil in the form of mayonnaise and creamy salad
dressings), which may be indicative of a less healthy lifestyle and this in itself may contribute to
an increased risk of prostate cancer independent of ALA intake levels ' 2,

In addition, in the case-control studies from Uruguay 32 and Spain % that showed the
largest increases in prostate cancer risk demonstrated that meat, and not vegetable, was the major
source of ALA. When these two studies were removed from the analysis of the case-control
studies, the effect of ALA intake on prostate cancer changed from a weakly positive to a weakly
protective effect. Compared with the other studies from Europe and the United States, there is a
much higher consumption of meat in Spain * and Uruguay, with Uruguay having the highest
meat consumption per capita in the world **. An earlier analysis of the Health Professionals
Follow-up Study cohort % supports this positive association between red meat consumption and
prostate cancer risk. Furthermore, the two studies from Spanish-speaking countries also
investigated the effect of animal fat on prostate cancer and both found significant positive
associations. The Uruguayan study ** observed that at the highest level of ALA intake derived
from animal sources resulted in almost 3 times the risk of developing prostate cancer and the
Spanish study * revealed that the highest level of animal fat intake was associated with 2 times
the risk. These findings indicate that high meat intake rather than high ALA may explain ALA’s
apparent adverse effect on prostate cancer. In further support of this idea, the study by Bidoli et

al.>® demonstrated a significant protective association between ALA and prostate cancer risk in
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an Italian population where ALA is mainly derived from olive oil ®* and the diet is rich in raw
vegetables *° rather than meat, profiling an overall more “healthy” diet.

An explanation for the apparent association of prostate cancer incidence with vegetable
sources of ALA may be that in addition those who follow healthy lifestyles with increased plant
ALA sources may undergo more frequent prostate specific antigen (PSA) testing and therefore
have early prostate cancer detection. In this respect it has been found that higher whole grain
intake was also associated with increased prostate cancer risk. However, when frequency of PSA
screening was accounted for, the association of whole grains with prostate cancer incidence
disappeared ®°. These studies indicate the importance of not only identifying the dietary sources
of ALA, but taking into account what the nature of the foods may indicate in terms of diet and

lifestyle since these also may affect prostate cancer risk.

Variation in ALA Exposure Levels.

Another important aspect to consider is the differing exposure levels between the studies.
Each study had different cut-offs for each quantile, which makes a true comparison of ALA
intake exposure difficult since some studies had higher levels of ALA in their highest intake
quantile than others. Further, some studies did not adequately define the absolute upper and/or

213230 and one study did not report numerical exposure levels **. Two

lower limits of ALA intake
studies, one from Spain ** and one from the Netherlands *, with the largest adequately defined
upper and lower limits of ALA exposure ranges, paradoxically reported the second highest and
the second lowest risk of developing prostate cancer, respectively. Since the studies with the
greatest range of exposure do not necessarily show the greatest effects, dietary variation in the
levels of exposure does not appear to explain differences among the studies, thereby making
differences in dietary sources of ALA of more importance especially in relation to meat

consumption in Western countries.

Variation in FFQs and Food Databases.

In terms of utilizing different FFQs and food databases, each study used a different
dietary FFQ. ALA content of processed food can vary, which can be of concern when using food
databases to translate food intake into fatty acid intake. For example, the ALA content of 12

margarines available in Australia range from 0.2% to 5.9% ¢’
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Variation in Adjustment Factors.

Although all the studies reported adjusted RRs or ORs, the adjustment factors were not
consistent among the studies. Some of the adjustment factors in these studies included age,
smoking history, physical activity level, BMI, family history of prostate cancer, history of
diabetes mellitus, race, education, socioeconomic status, area of residence and intakes of total
calories, fat, processed meat, fish, lycopene, and vitamin E supplements. Currently, the most
well-established risk factors for prostate cancer are age, family history of the disease, and
race/ethnicity °® and consequently are the most important adjustment factors. Only 4 %22 of the
12 included studies adjusted for all of these 3 factors. The studies conducted by Park et al. '° and
Mannisto et al. ** did not adjust for age, which is by far the strongest predictor of prostate cancer
incidence and death . A family history of prostate cancer has been shown to increase the risk of
diagnosis and death and this factor was not adjusted for in studies by Hedelin et al. °', Andersson

1. *®, and Mannisto et al. ** Race is a prostate cancer risk factor and prognostic factor, with

eta
African-American or Black men being at increased risk, and this was not adjusted for in the
studies by Bidoli et al. 50, De Stefani et al. 32, Ramon et al. 45, and Meyer et al. * Differences in
adjustment among the included studies, particularly with respect to the important factors of age,
family history of prostate cancer, and race could result in differences in risk estimates, thereby

contributing to inter-study heterogeneity.

Variation in Follow-up Duration.
Follow-up time may also have an effect on heterogeneity, especially since the study by
Giovannucci et al. 2! had the longest follow-up duration (16 years). Comparing previous

32 with this most recent study *', demonstrates a

prospective studies following the same cohort
shift over time (total of 12 years) from a non-significant to a significant positive association
between ALA intake and prostate cancer. So, the heterogeneity induced by this study may
indicate that follow-up duration is positively related to the strength of the association between
ALA and prostate cancer risk. After investigating this suggestion, the effect of follow-up
duration on relative risk among the prospective studies was found to be positively, but not

significantly correlated (r=0.47).

Reasons for the Lack of Effect of ALA
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The overall effect of ALA on prostate cancer was found to be non-significant but may
result from a number of factors including ALA exposure levels that are within health guidelines,
confounding from other polyunsaturated fatty acids, and the difference in effect of ALA on
mortality versus incidence.

The mean dietary ALA intake levels observed in these studies were all within the dietary
reference intake (DRI) range of 1.1 to 1.6 g/d *°, suggesting that ALA may not increase the risk
of cancer more than any other nutrient promoting cell growth. Rather, since ALA is a nutrient
deficient in the Western diet °, it may be that a deficiency inhibits all cell growth, including
tumour growth, instead of adequate or excess levels causing prostate cancer growth.

Another issue to consider is confounding from other polyunsaturated fatty acids such as
omega-6 or other omega-3 fatty acids (eicosapentaenoic and docosahexaenoic fatty acids) that
might affect ALA metabolism ’' and consequently may introduce bias. The case-control study
from the United States ** demonstrated this as there was no significant association between ALA,
omega-3, or omega-6 fatty acids and prostate cancer risk individually, but the highest dietary
ratio of omega-6/omega-3 fatty acids was significantly associated with increased risk of high
grade prostate cancer.

Finally, our analysis involved cancer incidence rather than mortality and ALA, among
other factors such as energy intake, height, body mass index, calcium, and smoking, are also
associated with cancer mortality *'. The study by De Stefani et al. >, which was the only study
that defined cases solely as advanced prostate cancer, had the highest risk estimate of prostate
cancer, indicating that ALA may be strongly associated with disease severity rather than
incidence. In support of this point, the prospective study by Giovannucci et al. 2! found that
higher ALA intake was more strongly associated with increased risk of fatal prostate cancer than
with incident. However, three other prospective studies did not find any difference between the
effects of ALA on incident or advanced prostate cancer cases ' 2°**. From these mixed findings,
it is unclear whether ALA is associated with severity of prostate cancer, but determining whether
ALA impacts prostate cancer incidence or progression is an important distinction that should be
investigated in the future. Furthermore, the picture of ALA’s effect on prostate cancer is
complicated by the positive association of incident prostate cancer with either serum or adipose
tissue ALA levels 2+ #404772 qegpite the in vitro evidence which suggests that ALA may

374
h77

suppress prostate cancer cell growt . However, there appears to be some correlation between
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ALA intake and serum ALA levels. In terms of intake, Gann et al. ** found that plasma ALA
levels were significantly positively correlated with meat and dairy product intake, and similar to
the prospective analysis from the Health Professionals Follow-Up Study *°, they found that red
meat was positively associated with advanced prostate cancer, whereas diary foods were not.
This corroboration not only suggests a correlation between ALA intake and serum ALA levels,
but enforces the positive association between ALA from red meat and prostate cancer as seen in

the studies from Uruguay ** and Spain **, rather than from plant foods.

Limitations

The first limitation of the meta-analysis is that all data currently available for inclusion
come from epidemiological studies since there are no data from randomized controlled trials due
to ethical concerns. Second, interpretation of the analyses was complicated by the evidence of
considerable heterogeneity among the studies, which as discussed above may have resulted from
differences in ALA sources and population dietary patterns, ALA exposure levels, FFQs and
food databases, adjustment factors, and duration of follow-up. There are also inherent limitations
in the studies included based on study design. The association between ALA intake and prostate
cancer risk was stronger overall in the case-control studies than in the prospective studies.
However, there is the possibility of recall bias in case-control studies, as dietary intake

information is collected after disease development.

CONCLUSION

In conclusion, these findings provide no clear evidence of an association between dietary
ALA intake and prostate cancer risk. Further, since these observational studies can only show
association between ALA intake and prostate cancer, possible causation would be difficult to
establish. Therefore, additional research from epidemiological, clinical, and in vitro studies are
required to elucidate whether AL A has a promotional, inhibitory, or no effect on prostate cancer
risk and development. For the present, no significant association has been found and where any
support of a positive effect was seen, red meat sources have been strongly implicated. The source
of ALA appears to be of importance, particularly identifying whether it is from animal or
vegetable sources, as ALA may be a marker for higher meat and fat intake in some countries

both of which have been associated with increased prostate cancer risk. Attention should also be
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paid to the effect of ALA on prostate cancer progression to address the issues of specific

vulnerability identified in the studies of *' 2. However, resolving the relation of dietary ALA to

prostate cancer risk through randomized controlled trials will likely continue to be difficult due

to the significant public health implications of reducing/eliminating a dietary fatty acid which is

essential and has suggested heart health benefits. Of probably greater importance is

determination of the sources of the fatty acid since ALA is associated in the North American diet

with meat membranes and creamy salad dressings, which themselves may be markers of a

suboptimal dietary pattern and lifestyle

ARTICLE SUMMARY

Article Focus

ALA is considered a cardioprotective nutrient, however some epidemiological studies
have suggested that dietary ALA intake increases the risk of prostate cancer

A systematic review and meta-analysis of case-control and prospective studies was
conducted to investigate the association between dietary ALA intake and prostate cancer

risk

Key messages

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated
overall no significant association between ALA intake and risk of prostate cancer

The subgroup analysis of case control studies alone showed a positive non-significant
association, but with substantial heterogeneity. However, upon removal of the studies,
which reported large odds ratios, the association became weakly protective but remained
non-significant, with decreased heterogeneity

The subgroup analysis of case control studies alone showed a positive non-significant
association, but with substantial heterogeneity, which suggests an element of increased
risk dependent on the inclusion of two studies with very high odds ratios, the reasons for

which are difficult to explain

Strengths and Limitations:

This meta-analysis includes both prospective and case control studies to determine the

effect of ALA on prostate cancer
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e Possible confounders and sources of heterogeneity were discussed and explored in
relation to the results

e Interpretation of analyses was complicated by considerable heterogeneity among the
studies, which may be due to lack of randomized controlled trials, variation in ALA
sources and dietary patterns, variation in ALA exposure levels, differences in FFQs and

food databases, variation in adjustment factors, follow-up duration, and study design

“What this Paper Adds”

ALA is considered a cardioprotective nutrient, however some epidemiological studies have
suggested that dietary ALA intake increases the risk of prostate cancer. Although Carayol et al.
conducted a meta-analysis on the effect of dietary ALA on prostate cancer in 2010, only prospective
studies were analyzed and case-control studies were not included. Overall, we found no significant
association between ALA intake and risk of prostate cancer. The results from the prospective studies
were similar to those of previously published findings. However, the subgroup analysis of case control
studies alone showed a positive non-significant association, but with substantial heterogeneity. The case
control studies suggested an element of increased risk, which was dependent on the inclusion of two
studies with very high odds ratios, the reasons for which are difficult to explain. Additional research
from epidemiological, clinical, and in vitro studies are required to elucidate whether ALA has a

promotional, null, or inhibitory effect on prostate cancer risk and development.
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Country of Age Incident Follow-up Relative Risk or

Study Origin Study Design Sample size (years) Cases (years) Exposure level (g/d) Odds Ratio 95%Cl
Andersson et al. 1996 [38] Sweden Case-control 526 cases/536 controls <80 - - 0.817 - 1.352 0.93 0.65-1.32
Meyer et al. 1997 [39] Canada Case-control 215 cases/593 controls 45 - - - 0.98 0.54-1.78
Schuurman et al. 1999 [18]*  Netherlands Nested case-cohort 58279 (1525 subcohort) 5569 642 6.3 0.7-21 0.76 0.66-1.04
De Stefani et al. 2000 [29] Uruguay Case-control 217 cases/431 controls 40-89 - - <0.8-2=1.5 3.91 1.50-10.1
Ramon et al. 2000 [40] Spain Case-control 217 cases/434 controls <60-80 - - 0.72-21 3.1 2247
Mannisto et al. 2003 [22]* Finland Nested case-control 198 cases/198 controls 50-69 246 58 1.0-23 1.16 0.64-2.13
Bidoli et al. 2005 [41] ltaly Case-control 1294 cases/1451 controls 4574 - - mean 1.6 0.7 0.6-0.9
Koralek et al. 2006 [20]* United States Prospective cohort 29,592 55-74 1898 5.1 1.09-1.75 0.4 0.81-1.09
Hedelin et al. 2007 [42] Sweden Case-control 1499 cases/1130 controls = mean 67.3 - - 0.05-0.60 1.35 0.99-1.84
Giovannucci et al. 2007 [19]* United States Prospective cohort 47,750 40-75 3544 16 <0.79-21.32 1.12 1.01-1.25
Park et al. 2007 [17]* United States Prospective cohort 82,483 45 4404 8 1.1-2.141 0.92 0.84-1.02
Williams et al. 2011 [43] United States Case-control 79 cases/187 controls >18 - - <1.0-4.156t 0.82 0.41-1.65

* Prospective studies.
1 Based on a 2000 kcal diet.
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243 References identified
98 MEDLINE (1948-2012)
145 EMBASE (1974-2012)

11

2 Included (manual search)

233 Excluded based on title or abstract

100 duplicates

62 reviews or meta-analyses
9 commentaries/letters

2 guidelines

20 animal or in vitro studies

40 studies with no ALA intake data
and/or unsuitable endpoints

4 Included (manual search)

A4

16 Full-articles reviewed

\4

4 Excluded

1 ALA covariate
2 duplicate data
1 study with no ALA intake data

A

12 articles included in the meta-analysis

Figure 1 - Flow of the literature.
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Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Andersson 1996 (48] &.4% 0.93 [0.65, 1.33] 1996 — T
Meyer 1997 [49] 5.2% 0.98 [0.54, 1.78] 1997 . p—
Schuurman 1993 [20] 10.5%  0.76[0.61, 0.95] 1999 ——
De Stefani 2000 [32] 2.7% 3.91[1.51, 10.15] 2000
Ramon 2000 [45] 8.0%  3.10[2.12, 4.53] 2000 —_
Mannisto 2003 [24] 5.1%  1.16 [0.64, 2.12] 2003 _—
Bidoli 2005 [50] 10.9% 0.70[0.57, 0.86] 2005 —
Koralek 2006 (22)] 11.6% 0.94 [0.81, 1.09] 2006 -
Hedelin 2007 [51] 9.1% 1.35 [0.99, 1.84] 2007 =
Park 2007 [19] 12.2%  0.92 [0.83, 1.01] 2007 -
Giovannucci 2007 [21]) 12.1% 1.12 [1.01, 1.25] 2007 [
Williams 2011 [52] 4.3% 0.82 [0.41, 1.64] 2011 .
Total (95% CI) 100.0% 1.08 [0.90, 1.29]

Heterogeneity: Tau® = 0.06; Chi* = 71.45, df = 11 (P < 0.00001); I’ = 85% ¢ } f } }
Test for overall effect: 7 = 0.84 (P = 0.40) 0.102 o5 1 2 5 10

Favours ALA  Favours Control

Figure 2 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control, nested
case-control, nested case-cohort, and cohort studies. Relative Risk (RR) with 95% CI, study
weights, and pooled effect estimates were generated using the general inverse variance method
with random effects models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study
heterogeneity was tested by Cochrane’s Q (Chi?) at a significance level of P<0.10 and quantified
by I, where I*> 50 % is considered to be evidence of substantial heterogeneity and >75%,

considerable heterogeneity >°.

Risk Ratio Risk Ratio
Study or Subgroup Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
Andersson 1996 [48] 15.7% 0.93 [0.65, 1.33] 1996 —a—
Meyer 1997 [49] 13.5% 0.98 [0.54, 1.78] 1997 —_—
Ramon 2000 [45] 15.5% 3.10 [2.12, 4.53] 2000 —
De Stefani 2000 [32] 10.0% 3.91(1.51, 10.15] 2000  —
Bidoli 2005 [50] 16.7% 0.70 [0.57, 0.86] 2005 ——
Hedelin 2007 [51] 16.1% 1.35 [0.99, 1.84] 2007 -
Williams 2011 [52] 12.5% 0.82 [0.41, 1.64] 2011 e
Total (95% CI) 100.0% 1.30 [0.81, 2.07]

[T 2 - w2 = = -2 = % ! ! ! | ! !
Heterogeneity: Tau® = 0.33; Chi 57.44,df = 6 (P < 0.00001); | 90 31032 os 1 3 b

Test for overall effect: Z= 1.10(P = 0.27) Favours ALA Favours Contral

Figure 3 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane

Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
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1
2
2 significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of
2 substantial heterogeneity and >75%, considerable heterogeneity >°.
7
8 Risk Ratio Risk Ratio
9 Study or Subgroup Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
10 Andersson 1996 [48] 22.2% 0.93 [0.65, 1.33] 1996 —a—
11 Meyer 1997 [49] 14.0%  0.98 [0.54, 1.78] 1997 ——
12 De Stefani 2000 [32] 0.0% 3.91(1.51, 10.15] 2000
13 Ramon 2000 [45] 0.0% 3.10(2.12, 4.53] 2000
14 Bidoli 2005 [50] 28.2%  0.70[0.57, 0.86] 2005 -
15 Hedelin 2007 [51] 24.0% 1.35 (0.99, 1.84] 2007 -
16 Williams 2011 [52] 11.6% 0.82 [0.41, 1.64] 2011 —_—
17
18 Total (95% CI) 100.0% 0.93 [0.69, 1.25]
19 Heterogeneity: Tau® = 0.07; Chi* = 12.46, df = 4 (P = 0.01); I’ = 68% } } f } }
20 Test for overall effect: Z = 0.47 (P = 0.64) 0.1 [I:-avuur[;-iLAjFavgurs Eéntrilﬁ
21
;é Figure 4 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies
24 after the removal of the studies by De Stefani et al. ** and Ramon et al. ** and following a
25
26 sensitivity analysis. Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates
27 . . . .
28 were generated using the general inverse variance method with random effects models (RevMan
gg 5.1, Cochrane Library software, Oxford, UK). Inter-study heterogeneity was tested by
g; Cochrane’s Q (Chi®) at a significance level of P<0.10 and quantified by I, where I* > 50 % is
33 considered to be evidence of substantial heterogeneity and >75%, considerable heterogeneity 33,
34
35
36 Risk Ratio Risk Ratio
37 Study or Subgroup  Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
gg Andersson 1996 [48] 34.1% 0.93 [0.65, 1.33] 1996 —a—
20 Meyer 1997 [49] 13.4% 0.98 [0.54, 1.78] 1997 —_—
a1 De Stefani 2000 [32] 0.0% 3.91(1.51, 10.15] 2000
42 Ramon 2000 [45] 0.0% 3.10[2.12, 4.53] 2000
43 Bidoli 2005 [50] 0.0% 0.70 [0.57, 0.86] 2005
44 Hedelin 2007 [51] 42.5% 1.35 [0.99, 1.84] 2007 —l—
45 Williams 2011 [52] 10.0% 0.82 [0.41, 1.64] 2011 —
46 Total (95% CI) 100.0% 1.08 [0.86, 1.36] ?
47 Heterogeneity: Tau® = 0.01; Chi* = 3.37, df = 3 (P = 0.34); I* = 11% 0! T T
48 Test for overall effect: Z = 0.70 (P = 0.49) 102 0.3 !
49 es e - Favours ALA  Favours Control
50
51 Figure 5 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies
52
53 after the removal of the studies by De Stefani et al. **, Ramon et al. **, and Bidoli et al. *° and
gg following a sensitivity analysis. Relative Risk (RR) with 95% CI, study weights, and pooled
g? effect estimates were generated using the general inverse variance method with random effects
58
59
60
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models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study heterogeneity was
tested by Cochrane’s Q (Chi?) at a significance level of P<0.10 and quantified by I?, where I* >
50 % is considered to be evidence of substantial heterogeneity and >75%, considerable

heterogeneity >°.

Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Schuurman 1999 [20] 16.6% 0.76 [0.61, 0.95] 1999 ——
Mannisto 2003 [24] 4.1% 1.16 [0.64, 2.12] 2003 —
Koralek 2006 [22] 23.4% 0.94 [0.81, 1.09] 2006
Park 2007 [19] 28.4% 0.92 [0.83, 1.01] 2007

Giovannucci 2007 [21] 27.5% 1.12 [1.01, 1.25] 2007

Total (95% CI) 100.0% 0.95 [0.84, 1.09]
Heterogeneity: Tau® = 0.01; Chi* = 13.03, df = 4 (P = 0.01); P = 69% } } } } }
Test for overall effect: Z = 0.70 (P = 0.48) dio2 o5 1 2 5 1D

Favours ALA  Favours Control

Figure 6 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity >°.

Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Schuurman 1999 [20] 12.8% 0.76 [0.61, 0.95] 1999 ——
Mannisto 2003 [24] 1.9% 1.16 [0.64, 2.12] 2003 —
Koralek 2006 [22] 28.1% 0.94 [0.81, 1.09] 2006 :—
Park 2007 [19] 57.1% 0.92 [0.83, 1.01] 2007
Giovannucci 2007 [2 1) 0.0% 1.12 [1.01, 1.25] 2007
Total (95% CI) 100.0%  0.91 [0.83, 0.99] 4

Heterogeneity: Tau® = 0.00; Chi* = 3.27, df = 3 (P = 0.35); I = B% ﬂIJ

Test for overall effect: Z = 2.28 (P = 0.02) 102 05 1 2 5 10

Favours ALA  Favours Control

Figure 7 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies
after the systematic removal of the study by Giovannucci et al. > following a sensitivity analysis.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane

Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
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significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity >°.
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12 32 | ABSTRACT

ii 33 Background: ALA is considered a cardioprotective nutrient, however some epidemiological

15 34  studies have suggested that dietary ALA intake increases the risk of prostate cancer.

i? 35  Objective: To conduct a systematic review and meta-analysis of case-control and prospective

18 36  studies investigating the association between dietary ALA intake and prostate cancer risk.

19 37 Data Sources: MEDLINE and EMBASE were searched for relevant prospective and case-

2 .

22 38  control studies.

22 39 Eligibility Criteria for Selecting Studies: We included all prospective cohort, case-control,
gi 40  nested case-cohort, and nested case-control studies that investigated the effect of dietary ALA

25 41  intake on the incidence (or diagnosis) of prostate cancer and provided relative risk (RR), hazard
26 42 ratios (HR), or odds ratios (OR) estimates.
28 43  Design: Data were pooled using the generic inverse variance method with a random-effects
29 44  model from studies that compared the highest ALA quantile with the lowest ALA quantile. Risk
45  estimates were expressed as relative risk (RR) with 95% confidence intervals (CI). Heterogeneity
32 46  was assessed by y° and quantified by I.
33 47  Results: Data from 5 prospective and 7 case-control studies were pooled. The overall RR
35 48  estimate showed ALA intake to be positively, but non-significantly associated with prostate
36 49 ’ cancer risk (1.08 [0.90 to 1.29], P=0.40, 1’=85%:%). but the interpretation was complicated by
38 50  evidence of heterogeneity not explained by study design. A weak non-significant protective
39 51 ’ effect of ALA intake on prostate cancer risk in the prospective studies whieh-became significant
40 52 (0.91[0.83 to 0.99], P=0.02) without evidence of heterogeneity (I’=8%, P=0.35) on removal of
42 53 one study during sensitivity analyses.
43 54  Conclusions: This analysis failed to confirm an association between dietary ALA intake and
45 55  prostate cancer risk. Larger and longer observational and interventional studies are needed to
46 56  define the role of ALA and prostate cancer.

57

49 58
50 59

52 60
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10 63 | introductioRINTRODUCTION |

64 Prostate cancer is the second most common cancer in men worldwide '. Prostate cancer
13 65 incidence rates vary widely among countries, populations, and races. Incidence rates vary by
14 66  more than 25-fold worldwide, with the highest rates documented in the developed countries of
16 67  North America, Europe, and Oceania, which may be due largely to the wide utilization of

17 68 prostate- specific antigen (PSA) testing that detects clinically important tumors that might

ig 69  otherwise escape diagnosis . In contrast, males of African descent in the Caribbean region have
20 70 the highest prostate cancer mortality rates in the world %, which is thought to reflect partly a
g;' 71  difference in genetic susceptibility * . The large differences in prostate cancer incidence rates

23 72 have led to many migration and ecologic studies, which have provided strong evidence for the
24 73 role of environmental factors, such as diet, in the etiology of prostate cancer 4. In 1975,

26 74  Armstrong and Doll first hypothesized that there was an association between dietary fat and

27 75  death from prostate cancer '*, and many studies have examined this connection ">, but in recent
76  years more attention has been focused on specific fatty acids. Several studies have examined the
30 77 association between polyunsaturated fatty acids (PUFAs) and risk of prostate cancer '**°. There
31 78  hasbeen particular interest in alpha-linolenic acid (ALA), the parent fatty acid for the ®-3

33 79 PUFAg, since increased consumption of -3 fatty acids is advised for cardiovascular disease risk

30

A _______________

34 80 | reduction 2% despite a possible association with prostate cancer - { Formatted: Not Highlight

gg 81 Dietary ALA occurs mainly in plants and vegetable oils with certain seed oils (flaxseed,
37 82  perilla, chia seed, and canola), beans (soybeans, navy beans), and nuts (walnuts) singled out as

gg 83  examples of healthy foods due to their high ALA content *'. However, in the United States, the

40 84  important sources of ALA are animal-based foods high in saturated fats, such as red meats, beef,
j; 85  pork, and lamb, rather than ALA-rich vegetable sources, such as walnuts. >°. The largest

43 86  proportion of ALA (53.8%) comes from red meat in Uruguay 32 but comes from margarine
44 87  (25%) in the Netherlands **. Furthermore, foods such as bread, eggs, and margarine are now
46 88 | being enriched with ALA to increase their healthfulness. Thereforeitappears-timely-to

47 89 | determine-whether there-are-associations-between-o-3fatty-acid-rich-foodsgenerally beliey

B e e
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There are currently divergent health views on ALA. Numerous epidemiological >*>° and

clinical studies **** have shown that ALA is associated with a reduction in coronary heart

disease (CHD) incidence and heart disease mortality. However, since ALA has also been
253032 43-47

associated with an increased risk of prostate cancer, the seriousness of this potential

association requires that any favourable effects of ALA on CHD be weighed against its possible
19-22 24

adverse effects on prostate cancer. Numerous prospective cohort and case-control studies

32454852 have investigated the association between ALA and prostate cancer risk. While previous

meta-analyses *° > > have been conducted to determine whether a relationship exists, there has

been no meta-analysis since 2010, examining the specific effect of dietary ALA on prostate

cancer risk and none since 2009, that included in both prospective cohort and case-control

studies. Therefore, it appears timely to determine whether there are associations between dietary

ALA from -3 fatty acid-rich foods, generally believed to be healthy, and prostate cancer risk.

METHODS

We followed the Cochrane handbook for systematic reviews of interventions version

5.1.0 updated March 2011 for the planning and conduct of this meta-analysis *. The reporting
followed the QUOROM (Quality of Reporting of Meta-analyses) guidelines *°.

p { Formatted: Font: Times New Roman, 12 pt,
o Bold

We conducted a search of MEDLINE (1948-April 17, 2009) and EMBASE (1974-April
17, 2009) using the following search terms and Boolean operators: prostate AND (cancer OR
adenoma OR adenocarcinoma OR neoplasia OR gleason score) AND (alpha-linolenic acid OR
n-3 fatty acids OR omega-3 fatty acids). The search was restricted to human research studies. No
limit was placed on language. Manual searches of references cited by the published original
studies and review articles supplemented the database search strategy. This search strategy was
last updated on August 28, 2012. We included all prospective cohort, case-control, nested case-

cohort, and nested case-control studies that investigated the effect of dietary ALA intake on the
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incidence (or diagnosis) of prostate cancer and provided relative risk (RR), hazard ratios (HR), or
odds ratios (OR) estimates. No randomized controlled trials were identified. No lone abstracts or
unpublished studies were identified. In cases where multiple publications existed for the same

study, the article with the most recent information was included.

P { Formatted: Font: Times New Roman, 12 pt,
7 Bold

Two investigators (AJC, JLS) independently extracted relevant data on study
characteristics and outcomes using a standardized proforma. These data included information
about study design (prospective cohort, case-control, etc.), sample size and participant
characteristics (nationality, race, named cohort, country of residence, gender, age, disease status,
preexisting medical conditions), follow-up duration, sources of ALA, method of ALA status
assessment, endpoints (incidence of prostate cancer, prostate specific antigen (PSA), Gleason
score etc.), endpoint assessment (self-reporting, medical records, biopsy, etc.), and number of
new incident cases. Bounds of intake categories, quartiles or quintiles, were also recorded. RR,
HR, or OR with the greatest degree of control for other environmental and dietary risk factors,
and their corresponding 95% Cls for incident prostate cancer risk were extracted as the main
endpoint. Disagreements were reconciled by consensus and where necessary by discussion with
another investigator (DJAJ). Authors were not contacted to request any additional information or

translation.

P { Formatted: Font: Times New Roman, 12 pt,
P Bold

Data were analyzed using Review Manager (RevMan) 5.1 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark). We used the reported RR or OR of the
highest versus lowest intake category, as the measure of the relation between ALA intake and
prostate cancer risk. A pooled analysis of all reports was conducted using the Generic Inverse

Variance method using random effects models ***’

where the log RRs for cohort studies or log
ORs for case-control studies were weighted by the inverse of the variance to obtain a pooled RR
estimate. Since nested case-cohort and nested case-control studies are temporally prospective, we
analyzed data from these studies with the prospective studies. As in other meta-analyses that
have examined prostate cancer *°>>* **3¥  ORs were considered as approximations of RRs. Since

the initial risk of prostate cancer is low, it is unlikely that there will be a substantial discrepancy
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in approximating ORs to RRs. ** Inter-study heterogeneity was assessed by Cochrane’s Q (Chi®

P<0.10) and quantified by I>—. An I >50% indicated “substantial” heterogeneity and >75%

indicated “considerable” heterogeneity. *’~Fhe®® Sources of heterogeneity were explored by

sensitivity analyses whereby the influence of individual studies was investigated by

systematieallyremovingsystematic removal of each study -andreealenlatingfollowed by

recalculation of the pooled effect—A#n-«- estimate and heterogeneity, as well as removal of outlier

studies with risk estimates larger than 2 standard deviations from the mean risk estimate and

recalculation of the pooled effect estimate and heterogeneity. We also performed a priori

subgroup analysis-analyses to assess effect modification by study design; (prospective versus

case-control

performed-to-assess-thesignificanee-of). Post-hoc analyses included dichotomous subgroup
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analyses to assess effect modification by, study design en-effect-medification(STATA 11.2., __— { Formatted:

Font: Times New Roman

| = { Formatted:

Font: Times New Roman

College Station, USA).) and continuous analyses to assess the effect of the duration of follow-up

Font: Times New Roman

) L

Font: Times New Roman

on relative risk among prospective studies, Publication bias was-investigatee - { Formatted:
of-funnetplots;andthat was formally tested using Begg’s and Egger’stests. _ | Formatted:
Results
RESULTS

Bold

- '{ Formatted:

Font: Times New Roman, 12 pt, }

Figure 1 shows the flow of the literature selection applying the systematic search and
selection strategies to identify eligible reports. Two hundred and forty three reports were
identified by the search and two reports were manually included after a database search. Of
these, 233 were determined to be irrelevant on review of the titles and abstracts. Four additional
reports were then manually included. The remaining 16 reports were retrieved and reviewed in
full, of which 4 were excluded. Results for The Health Professionals’ Follow-up Study were
published in three separate publications at different times of follow-up *' **%. Only the most
recent publication of the results, by Giovannucci et al. in 2007, was included in the analyses as
representing the cumulative experience of the earlier assessments of this cohort 21 A total of 12

reports, 5 prospective and 7 case-control studies, were included in the pooled analyses.
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P { Formatted: Font: Times New Roman, 12 pt,
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Table 1 shows the characteristics of the 12 included studies, which were composed of 7

32 40-4545 48-52 19-22 24

case-control studies and 5 prospective studies that used 3 designs: cohort,
nested case-cohort, and nested case-control. Five studies were conducted in North America, 1 in
South America, and 6 in Europe. The 12 included studies contained a total of 14,795 cases of
prostate cancer and 231,143 controls. All studies obtained dietary data using food frequency
questionnaires (FFQ). Individual and average dietary ALA intake in these studies ranged from
~0.05 to 4.16 g/d) and the reported relative risk or odds ratio of the highest versus the lowest

intake category ranged from 0.7 to 3.91.

P { Formatted: Font: Times New Roman, 12 pt,
.~ | Bold

The overall analysis of the 12 studies examined prostate cancer, comparing the highest
with the lowest ALA intake category. Seven studies reported a protective effect of ALA intake
on prostate cancer, 2one of which werewas significant, and the remaining five studies reported a
positive association, of which 3 were significant. Overall, although the relative risk was
increased numerically by 8%, this increase in prostate cancer risk was not significant (RR: 1.08;
95%CI: 0.90, 1.29, P=0.40) (Figure 2). However, there was evidence of considerable inter-study
heterogeneity (I’=85%, P<0.00001). Systematic removal of each study during sensitivity

analyses did not suggest any single study was an influential outlier.

P { Formatted: Font: Times New Roman, 12 pt,
7 Bold
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Case-Control Studies

In an a priori meta-regression, we found no evidence of effect measure modification

according to study design (P for heterogeneity= 0.331). There remained significant unexplained

heterogeneity within each type of study design. In case-control studies (n=7), the summary RR
was 1.30 (95%CI: 0.81, 2.07, P=0.27), with considerable inter-study heterogeneity (1>=90%,

P<0.00001) (Figure 3). Systematic removal of each individual study during sensitivity analyses

did not explain the heterogeneity. Removal of the 2 case-control studies by Ramon et al.*’, De

Stefani et al.** that reported risk estimates larger than 2 standard deviations from the pooled RR

estimate reduced the inter-study heterogeneity (I’=68%. P=0.01) but did not eliminate it (Figure

4). The overall association became weakly protective but was not significant (RR=0.93; 95%CI:
0.69,1.25. P=0.64) (Figure 4). Removal of the 3 case-control studies by Ramon et al.*’, De

Stefani et al.*>, and Bidoli et al. * that had risk estimates outside the 95% CI of the pooled RR
estimate, eliminated heterogeneity in the case-control studies 112:1 1%, P=0.34), but the overall
non-significant association between ALA intake and prostate cancer risk remained (RR=1.08;

95%ClI: 0.86.1.36, P=0.49) (Figure 5).

Prospective Studies

In prospective studies alone (n=5), no association between ALA intake and prostate

cancer risk was revealed (RR: 0.95; 95%CI: 0.84, 1.09, P=0.48) (Figure 6) but there existed

substantial inter-study heterogeneity (I’=69%, P=0.01). Sensitivity analyses showed that removal

of the study by Giovannucci et al. 2! eliminated heterogeneity with prospective studies 112:8%1
P=0.35) and made the protective effect significant (RR=0.91; 95%CI: 0.83,0.99, P=0.02

(Figure 7). Duration of follow-up in prospective studies was found to be positively but not

significantly associated with the magnitude of relative risk (r=0.47).

Publication Bias
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Neither Begg's (P>0.165) nor Egger's (P>0.527) tests revealed evidence of publication

bias, however, one study by Ramon et al. ** had an unusually large effect with a small standard

Crror.

DISCUSSION

- { Formatted: Font: Not Italic

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated non-
significant heterogeneous effects of ALA on prostate cancer risk. Overall, there was no
significant association between ALA intake and risk of prostate cancer. The subgroup analysis of
case control studies alone showed a positive non-significant association, but with substantial
heterogeneity. However, upon removal of the studies by De Stefani et al. 32 and Ramon et al.
% which reported large odds ratios greater than 3 but were still within 2 standard deviations of
the mean effect, the association became weakly protective with decreased heterogeneity. When
examining the prospective studies alone, the association between ALA intake and prostate cancer
risk was weakly protective and after removal of the study by Giovannucci et al. %' became
significantly protective with no heterogeneity.

The results from the prospective studies are similar to those of previously published
findings that examined only prospective studies *->*. Our study additionally investigated the
association between dietary ALA intake and prostate cancer risk among case-control studies and
reached a similar conclusion although the case control studies suggested an element of increased
risk, which was dependent on the inclusion of two studies with very high odds ratios, the reasons

for which are difficult to explain.

FYariation-in-Heterogeneity and the Effect of ALA between Studies __— { Formatted: Font: Not Italic

In our study, different findings in-the-individual-studiesreviewed and inter-study
heterogeneity may be explained by a number of factors: variation in ALA consumption and

sources of ALA as a result of the population’s dietary patterns, differingsenrees-of ALA;

variation in ALA exposure levels, er-use of different FFQs and food databases, variation in

adjustment factors, and difference in follow-up times among prospective studies.
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| Variation in ALA Consumption and Sources, and Population Dietary Patterns.

In the Netherlands, the chief sources of ALA include margarine (25% of daily intake),
meat (11%), bread (10%), and vegetables (8%) **, whereas in the United States, major sources of
ALA come from mayonnaise, creamy salad dressings, margarine, butter, beef, pork, lamb, and
oil and vinegar-based dressings *°. Interestingly, the prospective study from the Netherlands
reported a weak protective effect of ALA intake on prostate cancer risk >, but the most recent
study from the United States reported a 25% increase in risk *'. This difference may be due to the
nature of the foods that contain ALA since in the United States, the sources of ALA are not the
“healthy” sources where ALA is naturally found (e.g. flaxseed, walnuts, and canola oil), but
rather profiled an unhealthy diet (e.g. canola oil in the form of mayonnaise and creamy salad
dressings), which may be indicative of a less healthy lifestyle and this in itself may contribute to

an increased risk of prostate cancer independent of ALA intake levels: °' **.

43 that showed the

In addition, in the case-control studies from Uruguay ** and Spain
largest increases in prostate cancer risk demonstrated that meat, and not vegetable, was the major
source of ALA. When these two studies were removed from the analysis of the case-control
studies, the effect of ALA intake on prostate cancer changed from a weakly positive to a weakly
protective effect. Compared with the other studies from Europe and the United States, there is a
much higher consumption of meat in Spain **** and Uruguay, with Uruguay having the highest

d *.%. An earlier analysis of the Health Professionals

meat consumption per capita in the worl
Follow-up Study cohort ** supports this positive association between red meat consumption and
prostate cancer risk. FartherFurthermore, the two studies from Spanish-speaking countries also
investigated the effect of animal fat on prostate cancer and both found significant positive
associations. The Uruguayan study *? observed an-atmest 3-times-increased risk-of prostate

explain ALA s apparent-adverse-effect-onprostate-eancer—A-furtherthat at the highest level of

ALA intake derived from animal sources resulted in almost 3 times the risk of developing
prostate cancer and the Spanish study 4 revealed that the highest level of animal fat intake was

associated with 2 times the risk. These findings indicate that high meat intake rather than high

ALA may explain ALA’s apparent adverse effect on prostate cancer. In further support of this
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idea, the study by Bidoli et al.”° demonstrated a significant protective association between ALA

and prostate cancer risk in an Italian population where ALA is mainly derived from olive oil *

and the diet is rich in raw vegetables *° rather than meat, profiling an overall more “healthy” diet.

An explanation for the apparent association of prostate cancer incidence with vegetable
sources of ALA may be that in addition those who follow healthy lifestyles with increased plant
ALA sources may undergo more frequent prostate specific antigen (PSA) testing and therefore
have early prostate cancer detection. In this respect it has been found that higher whole grain
intake was also associated with increased prostate cancer risk. However, when frequency of PSA
screening was accounted for, the association of whole grains with prostate cancer incidence

d *-%°. These studies indicate the importance of not only identifying the dietary

disappeare
sources of ALA, but taking into account what the nature of the foods may indicate in terms of

diet and lifestyle since these also may affect prostate cancer risk.

Variation in ALA Exposure Levels.

Another important aspect to consider is the differing exposure levels between the studies.
Each study had different cut-offs for each quantile, which makes a true comparison of ALA
intake exposure difficult since some studies had higher levels of ALA in their highest intake

quantile than others. Further, some studies did not adequately define the absolute upper and/or

lower limits of ALA intake *' ** #*"and-onestudy did-not reportnumerical-exposure Jevels -
Wﬁméies,—eﬂ%ﬁaef&é}pamu and one study did not report numerical exposure levels Y Tw

studies, one from Spain ** and one from the Netherlands 2°, with the largest adequately defined

upper and lower limits of ALA exposure ranges, paradoxically reported the second highest and
the second lowest risk of developing prostate cancer, respectively. Since the studies with the
greatest range of exposure do not necessarily show the greatest effects, dietary variation in the
levels of exposure does not appear to explain differences among the studies, thereby making
differences in dietary sources of ALA of more importance especially in relation to meat
consumption in Western countries.

Lastlysin

Variation in FFQs and Food Databases.

In terms of utilizing different FFQs and food databases, each study used a different

dietary FFQ. ALA content of processed food can vary, which can be of concern when using food
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databases to translate food intake into fatty acid intake. For example, the ALA content of 12

Page 40 of 70

margarines available in Australia range from 0.2% to 5.9% 7. ) - { Field Code Changed
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Variation in Adjustment Factors.

Although all the studies reported adjusted RRs or ORs, the adjustment factors were not

consistent among the studies. Some of the adjustment factors in these studies included age,

smoking history, physical activity level, BMI, family history of prostate cancer, history of

diabetes mellitus, race, education, socioeconomic status, area of residence and intakes of total

calories, fat, processed meat, fish, lycopene, and vitamin E supplements. Currently, the most

well-established risk factors for prostate cancer are age, family history of the disease, and

race/ethnicity *® and consequently are the most important adjustment factors. Only 4 2223 of the

12 included studies adjusted for all of these 3 factors. The studies conducted by Park et al. ° and

Mannisto et al. >* did not adjust for age, which is by far the strongest predictor of prostate cancer
incidence and death %%, A family history of prostate cancer has been shown to increase the risk of

diagnosis and death and this factor was not adjusted for in studies by Hedelin et al. °!, Andersson

etal. 48, and Mannisto et al. >* Race is a prostate cancer risk factor and prognostic factor, with

African-American or Black men being at increased risk, and this was not adjusted for in the

150

studies by Bidoli et al. *°, De Stefani et al. **, Ramon et al. **, and Meyer et al. *° Differences in

adjustment among the included studies, particularly with respect to the important factors of age,

family history of prostate cancer, and race could result in differences in risk estimates, thereby

contributing to inter-study heterogeneity.

Variation in Follow-up Duration.

Follow-up time may also have an effect on heterogeneity, especially since the study by

Giovannucci et al. >! had the longest follow-up duration (16 years). Comparing previous
2325

prospective studies following the same cohort with this most recent study !, demonstrates a

shift over time (total of 12 years) from a non-significant to a significant positive association

between ALA intake and prostate cancer. So, the heterogeneity induced by this study may

indicate that follow-up duration is positively related to the strength of the association between

ALA and prostate cancer risk. After investigating this suggestion, the effect of follow-up

duration on relative risk among the prospective studies was found to be positively, but not

significantly correlated (r=0.47).
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Overall Non-sictifi

Reasons for the Lack of Effect of ALA - { Formatted: Font: Not Italic

The overall effect of ALA on prostate cancer was found to be non-significant ardbut may

be-attributed-toresult from a number of factors including ALA exposure levels that are within
health guidelines, confounding from other polyunsaturated fatty acids, and the difference in
effect of ALA on mortality versus incidence.

The mean dietary ALA intake levels observed in these studies were all within the dietary

reference intake (DRI) range of 1.1 to 1.6 g/d **®*

of cancer more than any other nutrient which-previdesa-stimulastopromoting cell growth-and.
Rather, since ALA is a nutrient deficient in which-the Western diet is-deficient """, it may be that

, suggesting that ALA may not increase the risk

a deficiency prevents-theinhibits all cell growth, including tumour growth, instead of eaneer

rather-than-anadequate or excess levels causing prostate cancer growth.

Another issue to consider is confounding from other polyunsaturated fatty acids such as
omega-6 or other omega-3 fatty acids (eicosapentaenoic and docosahexaenoic fatty acids) that
might affect ALA metabolism ' and consequently may introduce bias. The case-control study
from the United States “**2 demonstrated this as there was no significant association between
ALA, omega-3, or omega-6 fatty acids and prostate cancer risk individually, but the highest
dietary ratio of omega-6/omega-3 fatty acids was significantly associated with increased risk of
high grade prostate cancer.

Finally, our analysis involved cancer incidence netrather than mortality and ALA, and
restamong other factors ineladingsuch as energy intake, height, body mass index, calcium, and
smoking, are also associated with cancer mortality >'. The study by De Stefani et al. 2, which
was the only study that defined cases solely as advanced prostate cancer, had the highest risk
estimate of prostate cancer, indicating that ALA may be strongly associated with disease severity
rather than incidence. In support of this point, the prospective study by Giovannucci et al. *!
found that higher ALA intake was more strongly associated with increased risk of fatal prostate
cancer than with incident. However, three other prospective studies did not find any difference
between the effects of ALA on incident or advanced prostate cancer cases '* *° %2, From these
mixed findings, it is unclear whether ALA is associated with severity of prostate cancer, but

determining whether ALA impacts prostate cancer incidence or progression is an important

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420

BMJ Open

13 15

distinction that should be investigated in the future. Furthermore, the picture of ALA’s effect on
prostate cancer is complicated by the positive association of incident prostate cancer with either
serum or adipose tissue ALA levels ** **#344404772 qegpite the in vitro evidence which suggests
that ALA may suppress prostate cancer cell growth ***“Z However, there appears to be some
correlation between ALA intake and serum ALA levels. In terms of intake, Gann et al. 43 found
that plasma ALA levels were significantly positively correlated with meat and dairy product
intake, and similar to the prospective analysis from the Health Professionals Follow-Up Study >,
they found that red meat was positively associated with advanced prostate cancer, whereas diary

foods were not. This corroboration not only suggests a correlation between ALA intake and

serum ALA levels, but enforces the positive association between ALA from red meat and
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prostate cancer as seen in the studies from Uruguay *> and Spain ***, rather than from plant { Field Code Changed

foods. [ Field Code Changed
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In-eonsidering the HmitationsThe first limitation of the meta-analysis-itshould-be-neted ‘[Formatted: Font: Not Italic ]

is that all data currently available for inclusion come from epidemiological studies since there are
no data from randomized controlled trials due to ethical concerns. IaterpretationSecond,
interpretation of the analyses iswas complicated by the evidence of considerable heterogeneity
among the studies, therefore-anumberefpotentialcontributingwhich as discussed above may
have resulted from differences in ALA sources and population dietary patterns, ALA exposure
levels, FFQs and food databases, adjustment factors-sheuld-be-considered—Eirst;, and duration of
follow-up. There are also inherent limitations in the studies included based on study design
should-be-taken-into-aceount.. The association between ALA intake and prostate cancer risk was
stronger overall in the case-control studies than in the prospective—Hewever;sinee-case-control

Secondlyfolow-up-time-ecould studies. However, there is the possibility of recall bias in case-

control studies, as dietary intake information is collected after disease development.-also-have-an

: .211 | the
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CONCLUSION

In conclusion, these findings provide no clear evidence of an association between dietary

ALA intake and prostate cancer risk. Further, since these observational studies thatcan only show

an-association between ALA intake and prostate cancer-are-ebservational-and, possible causation
iswould be difficult to establish. Therefore, additional research from epidemiological, clinical,
and in vitro studies are required to elucidate whether ALA has a promotional-e+, inhibitory, or
no effect on prostate cancer risk and development. For the present, no significant association has
been found and where any support of a positive effect was seen, red meat sources have been
strongly implicated. The source of ALA appears to be of importance, particularly identifying
whether it is from animal or vegetable sources, as ALA may be a marker for higher meat and fat
intake in some countries both of which have been associated with increased prostate cancer risk.

Attention should also be paid to the effect of ALA on prostate cancer progression to address the

public health implications of reducing/eliminating a dietary fatty acid which is essential and has
suggested heart health benefits. Of probably greater importance is determination of the sources
of the fatty acid since ALA is associated in the North American diet with meat membranes and
creamy salad dressings, which themselves may be markers of a suboptimal dietary pattern and

lifestyle,
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Article Focus

ALA is considered a cardioprotective nutrient, however some epidemiological studies
have suggested that dietary ALA intake increases the risk of prostate cancer

A systematic review and meta-analysis of case-control and prospective studies was
conducted to investigate the association between dietary ALA intake and prostate cancer

risk

Key messages

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated
overall no significant association between ALA intake and risk of prostate cancer

The subgroup analysis of case control studies alone showed a positive non-significant
association, but with substantial heterogeneity. However, upon removal of the studies,
which reported large odds ratios, the association became weakly protective but remained
non-significant, with decreased heterogeneity

The subgroup analysis of case control studies alone showed a positive non-significant
association, but with substantial heterogeneity, which suggests an element of increased
risk dependent on the inclusion of two studies with very high odds ratios, the reasons for

which are difficult to explain

Strengths and Limitations:

This meta-analysis includes both prospective and case control studies to determine the
effect of ALA on prostate cancer

Possible confounders and sources of heterogeneity were discussed and explored in
relation to the results

Interpretation of analyses was complicated by considerable heterogeneity among the
studies, which may be due to lack of randomized controlled trials, study-design;and
follow—up-durationvariation in ALA sources and dietary patterns, variation in ALA

exposure levels, differences in FFQs and food databases, variation in adjustment factors,

follow-up duration, and study design
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13 What this Paper Adds” L2
14 ALA is considered a cardioprotective nutrient, however some epidemiological studies have
ig suggested that dietary ALA intake increases the risk of prostate cancer. Although Carayol et al.
17 conducted a meta-analysis on the effect of dietary ALA on prostate cancer in 2010, only prospective
18 studies were analyzed and case-control studies were not included. Overall, we found no significant
19
20 association between ALA intake and risk of prostate cancer. The results from the prospective studies
21 were similar to those of previously published findings. However, the subgroup analysis of case control
2:23 studies alone showed a positive non-significant association, but with substantial heterogeneity. The case
24 control studies suggested an element of increased risk, which was dependent on the inclusion of two
gg studies with very high odds ratios, the reasons for which are difficult to explain. Additional research
27 from epidemiological, clinical, and in vitro studies are required to elucidate whether ALA has a
28 ’ promotional, null, or inhibitory effect on prostate cancer risk and development.
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Table 1 - Characteristics of studies included in the meta-analysis of alpha-inolenic acid intake and prostate cancer
Country of Age Incident  Follow-up Relative Risk or
Study Origin Study Design Sample size (years) Cases (years) Exposure level (g/d) Odds Ratio 95%Cl

Andérsson et al. 1996 [38] Sweden Case-control 526 cases/536 controls <80 - - 0.817 - 1.352 0.93 0.65-1.32
Meyer et al. 1997 [39] Canada Case-control 215 cases/593 controls >45 - - - 0.98 0.54-1.78
Schjurman et al. 1999 [18]*  Netherlands Nested case-cohort 58279 (1525 subcohort) 5569 642 6.3 0.7-21 0.76 0.66-1.04
De Stefani et al. 2000 [29] Uruguay Case-control 217 cases/431 controls 40-89 - - <0.8-=1.5 3.91 1.50-10.1
Ranion et al. 2000 [40] Spain Case-control 217 cases/434 controls <60-80 - - 0.72-21 3.1 2247
Manhistoet-a—2003 = intand =C NS " = 642
Biddi et al. 2005 [41] ltaly Case-control 1294 cases/1451 controls 4574 - - mean 1.6 0.7 0.60.9
Korglek et al. 2006 [20]* United States Prospective cohort 29,592 5574 1898 5.1 1.09-1.75 0.94 0.81-1.09

in et al. 2007 [42] Sweden Case-control 1499 cases/1130 controls  mean 67.3 - - 0.05-0.60 1.35 0.99-1.84
Gi nucci et al. 2007 [19]* United States Prospective cohort 47,750 40-75 3544 16 <0.79-21.32 1.12 1.01-1.25
Pary et al. 2007 [17]* United States Prospective cohort 82,483 >45 4404 8 1.1-2141 0.92 0.84-1.02
Willi et al. 2011 [43] United States Case-control 79 cases/187 controls >18 - - <1.0-4.156t 0.82 0.41-1.65

* pective studies.

+

ed on a 2000 kcal diet.
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10 243 References identified

11 98 MEDLINE (1948-2012)

12 145 EMBASE (1974-2012)

13

14

15 233 Excluded based on title or abstract
16 2 Included (manual search) |—> 100 duplicates

17 62 reviews or meta-analyses
18 9 commentaries/letters

19 2 guidelines

20 20 animal or in vitro studies
21 40 studies with no ALA intake data
22 and/or unsuitable endpoints
23 4 Included (manual search) |—>

A4

16 Full-articles reviewed

28 _| 4 Excluded
29 " 1 ALA covariate

2 duplicate data
1 study with no ALA intake data

33 4

34 12 articles included in the meta-analysis
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Table 1 - Characteristics of studies included in the meta-analysis of alphadinolenic acid intake and prostate cancer
Country of Age Incident  Follow-up Relative Risk or
Study Origin Study Design Sample size (years) Cases (years) Exposure level (g/d) Odds Ratio 95%Cl

Andérsson et al. 1996 [38] Sweden Case-control 526 cases/536 controls <80 - - 0.817 - 1.352 0.93 0.65-1.32
Meyer et al. 1997 [39] Canada Case-control 215 cases/593 controls >45 - - - 0.98 0.54-1.78
Schiurman et al. 1999 [18]*  Netherlands Nested case-cohort 58279 (1525 subcohort) 5569 642 6.3 0.7-21 0.76 0.66-1.04
De Stefani et al. 2000 [29] Uruguay Case-control 217 cases/431 controls 4089 - - <0.8-21.5 3.91 1.50-10.1
Rarmon et al. 2000 [40] Spain Case-control 217 cases/434 controls <60-80 - - 0.72-21 3.1 2247
Mannisto et al. 2003 [22]* Finland Nested case-control 198 cases/198 controls 5069 246 58 1.0-23 1.16 0.64-2.13
Biddi et al. 2005 [41] ltaly Case-control 1294 cases/1451 controls 4574 - - mean 1.6 0.7 0.60.9
Korglek et al. 2006 [20]* United States Prospective cohort 29,592 5574 1898 5.1 1.09-1.75 0.4 0.81-1.09

in et al. 2007 [42] Sweden Case-control 1499 cases/1130 controls  mean 67.3 - - 0.05-0.60 1.35 0.99-1.84
G nucci et al. 2007 [19]* United States Prospective cohort 47,750 40-75 3544 16 <0.79 - 21.32 1.12 1.01-1.25
Parl{ et al. 2007 [17]* United States Prospective cohort 82,483 >45 4404 8 1.1-214t 0.92 0.84-1.02
Willi et al. 2011 [43] United States Case-control 79 cases/187 controls >18 - - <1.0-4.156t 0.82 0.41-1.65
* Prgspective studies.
1 Bgsed on a 2000 kcal diet.
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Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% CI Year IV, Random, 95% CI
Andersson 1996 [38] 8.4% 0.93[0.65, 1.33] 1996 T
Meyer 1997 [39] 5.2% 0.98[0.54, 1.78] 1997 -1
Schuurman 1999 [18] 10.5% 0.76 [0.61, 0.95] 1999 -
De Stefani 2000 [29] 2.7% 3.91[1.51, 10.15] 2000 -
Ramon 2000 [40] 8.0% 3.10[2.12, 4.53] 2000 -
Mannisto 2003 [22] 5.1% 1.16 [0.64, 2.12] 2003 I
Bidoli 2005 [41] 10.9% 0.70[0.57, 0.86] 2005 -
~—Koralek 2006 [20] T1T:6% 0.94 0.8, T.09] 2006

Giovannucci 2007 [19] 12.1% 1.12[1.01, 1.25] 2007 ™
Hedelin 2007 [42] 9.1% 1.35[0.99, 1.84] 2007 _'_
Park 2007 [17] 12.2% 0.92[0.83, 1.01] 2007 -
Williams 2011 [43] 4.3% 0.82[0.41, 1.64] 2011 S
Total (95% CI) 100.0% 1.08 [0.90, 1.29] ?

e 2 — . i2 = = 12 = 0, : : : T : : :
Heterogeneity: Tau? = 0.06; Chi? = 71.45, df = 11 (P < 0.00001); I* = 85% 0102 05 1 5 5 10

Test for overall effect: Z = 0.84 (P = 0.40)

Study or Subgroup

Risk Ratio

Weight IV, Random, 95% Cl  Year

Favours ALA Favours Control

Risk Ratio
IV, Random, 95% CI

Andersson 1996 [48]
Meyer 1997 [49]
Schuurman 1999 [20]
De Stefani 2000 [32]
Ramon 2000 [45]
Mannisto 2003 [24]
Bidoli 2005 [50]
Koralek 2006 [22]
Hedelin 2007 [51]
Park 2007 [19]
Giovannucci 2007 [21]
Williams 2011 [52]

Total (95% CI)

Heterogeneity: Tau® = 0.06; Chi* = 71.45, df = 11 (P <

8.4%
5.2%
10.5%
2.7%
8.0%
5.1%
10.9%
11.6%
9.1%
12.2%
12.1%
4.3%

100.0%

0.93 [0.65, 1.33] 1996
0.98 [0.54, 1.78] 1997
0.76 [D.61, 0.95] 1999
3.91(1.51, 10.15] 2000
3.10 [2.12, 4.53] 2000
1.16 [D.64, 2.12] 2003
0.70 [0D.57, 0.86] 2005
0.94 [D.81, 1.09] 2006
1.35 [0.99, 1.84] 2007
0.92 [0.83, 1.01] 2007
1.12 [1.01, 1.25] 2007
0.82 [0.41, 1.64] 2011

1.08 [0.90, 1.29]

Test for overall effect: Z = 0.84 (P = 0.40)

0.00001); I* = 85%

—

—.—

1oz os 1 3

T

Favours ALA Favours Control

Figure 2 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control, nested

case-control, nested case-cohort, and cohort studies. Relative Risk (RR) with 95% CI, study

weights, and pooled effect estimates were generated using the general inverse variance method

with random effects models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study

heterogeneity was tested by Cochrane’s Q (Chi?) at a significance level of P<0.10 and quantified

by I, where 1> 50 % is considered to be evidence of substantial heterogeneity and >75%,

considerable heterogeneity ;
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Risk Ratio Risk Ratio
Study or Subgroup  Weight 1V, Random, 95% CI Year IV, Random, 95% CI
Andersson 1996 [38] 15.7% 0.93 [0.65, 1.33] 1996 T
Meyer 1997 [39] 13.5% 0.98 [0.54, 1.78] 1997 I
Ramon 2000 [40] 15.5% 3.10[2.12, 4.53] 2000 —
De Stefani 2000 [29] 10.0% 3.91[1.51, 10.15] 2000 e
Bidoli 2005 [41] 16.7% 0.70[0.57, 0.86] 2005 -
Hedelin 2007 [42] 16.1% 1.35[0.99, 1.84] 2007 al
Williams 2011 [43] 12.5% 0.82[0.41, 1.64] 2011 - "
Total (95% Cl) 100.0% 1.30 [0.81, 2.07] ?

Heterogeneity: Tau? = 0.33; Chi? = 57.44, df = 6 (P < 0.00001); I> = 90%

Test for overall effect: Z=1.10 (P = 0.27)
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Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Andersson 1996 [48] 15.7%  0.93 [0.65, 1.33] 1996 —a—
Meyer 1997 [49] 13.5%  0.98 [0.54, 1.78] 1997 —_—
Ramon 2000 [45] 15.5% 3.10[2.12, 4.53] 2000 —
De Stefani 2000 [32] 10.0% 3.91(1.51, 10.15] 2000 s —
Bidoli 2005 [50] 16.7% 0.70 [0.57, 0.86] 2005 —-—
Hedelin 2007 [51] 16.1% 1.35 [0.99, 1.84] 2007 =
Williams 2011 [52] 12.5% 0.82 [0.41, 1.64] 2011 —

Total (95% CI) 100.0%
Heterogeneity: Tau® = 0.33; Chi*

1.30 [0.81, 2.07]
= 57.44, df = 6 (P < 0.00001); I* = 90%

Test for overall effect: Z = 1.10 (P = 0.27)

6107z os 1 3 3BT

Favours ALA Fawours Control

Figure 3 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies.

Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated

using the general inverse variance method with random effects models (RevMan 5.1, Cochrane

Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi’) at a

significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity
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Andersson 1996 [38] 22.2% 0.93[0.65, 1.33] 1996 I
Meyer 1997 [39] 14.0% 0.98 [0.54, 1.78] 1997 - T
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Bidoli 2005 [41] 28.2% 0.70[0.57, 0.86] 2005 -
Hedelin 2007 [42] 24.0% 1.35[0.99, 1.84] 2007 Bl
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Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Andersson 1996 [48] 22.2% 0.93 [0.65, 1.33] 1996 —u—
Meyer 1997 [49] 14.0% 0.98 [0.54, 1.78] 1997 —
De Stefani 2000 [32] 0.0% 3.91[1.51, 10.15] 2000
Ramon 2000 [45] 0.0% 3.10[2.12, 4.53] 2000
Bidoli 2005 [50] 28.2% 0.70 [0.57, 0.86] 2005 -
Hedelin 2007 [51] 24.0% 1.35[0.99, 1.84] 2007 =
Williams 2011 [52] 11.6% 0.82 [0.41, 1.64] 2011 —

Total (95% CD 100.0%

Heterogeneity: Tau® = 0.07; Chi* = 12.46, df = 4 (P = 0.01); I = GB% L’IJ 105 OIS 3 t 1&:

0.93 [0.69, 1.25]

Test for overall effect: Z = 0.47 (P = 0.64)

Fawvours ALA  Favours Control

Figure 4 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies

after the removal of the studies by Rameon-et-al-and De-Stefani-et-ak-De Stefani et al. *2 and

Ramon et al. ** and following a sensitivity analysis. Relative Risk (RR) with 95% CI, study

weights, and pooled effect estimates were generated using the general inverse variance method
with random effects models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study
heterogeneity was tested by Cochrane’s Q (Chi?) at a significance level of P<0.10 and quantified

by I?, where I> 50 % is considered to be evidence of substantial heterogeneity and >75%,

considerable heterogeneity
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Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% CI Year IV, Random, 95% CI
Schuurman 1999 [18] 16.6% 0.76 [0.61, 0.95] 1999 -
Mannisto 2003 [22] 4.1% 1.16 [0.64, 2.12] 2003 I
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Park 2007 [17] 28.4% 0.92[0.83, 1.01] 2007

Total (95% Cl)

Heterogeneity: Tau? = 0.01; Chi? = 13.03, df =4 (P = 0.01); I =69%

100.0% 0.95 [0.84, 1.09]

Test for overall effect: Z=0.70 (P = 0.48)
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Rate Ratio
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Figure 5 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies

after the removal of the studies by De Stefani et al. *>, Ramon et al. **, and Bidoli et al. *° and

following a sensitivity analysis. Relative Risk (RR) with 95% CI. study weights, and pooled

effect estimates were generated using the general inverse variance method with random effects

models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study heterogeneity was

tested by Cochrane’s Q (Chiz) at a significance level of P<0.10 and quantified by 12, where >

50 % is considered to be evidence of substantial heterogeneity and >75%, considerable

heterogeneity 33,

Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% Cl Year IV, Random, 95% CI
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Mannisto 2003 [24] 4.1% 1.16 [0.64, 2.12] 2003 B
Koralek 2006 [22] 23.4% 0.94 [0.81, 1.09] 2006 -
Park 2007 [19] 2B8.4% 0.92 [0.83, 1.01] 2007 =
Giovannucci 2007 [21] 27.5% 1.12 [1.01, 1.25] 2007 [
Total (95% CI) 100.0% 0.95 [0.84, 1.09] 4
Heterogeneity: Tau® = 0.01; Chi* = 13.03, df = 4 (P = 0.01); I = 69% d‘ 1 052 OIS é 5‘ IE}

Test for overall effect: Z = 0.70 (P = 0.48) Favours ALA Favours Control

Figure 6 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies.

Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated

using the general inverse variance method with random effects models (RevMan 5.1, Cochrane

Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi’) at a

significance level of P<0.10 and quantified by I>, where I°> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity *°.
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Figure 7 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies

after the systematic removal of the study by Giovannucci et al. *' following a sensitivity analysis.
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Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity **>°.
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ARTICLE SUMMARY

Article Focus

ALA is considered a cardioprotective nutrient, however some epidemiological studies
have suggested that dietary ALA intake increases the risk of prostate cancer

A systematic review and meta-analysis of case-control and prospective studies was
conducted to investigate the association between dietary ALA intake and prostate cancer

risk

Key Messages

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated
overall no significant association between ALA intake and risk of prostate cancer

The subgroup analysis of case control studies alone showed a positive non-significant
association, but with substantial heterogeneity. However, upon removal of the studies,
which reported large odds ratios, the association became non-significantly protective with
decreased heterogeneity. The reasons for this result may be explained by the differing
sources of ALA

The subgroup analysis of prospective studies alone showed a protective non-significant
association, but with substantial heterogeneity. However, removal of the study by
Giovannucci et al. *' eliminated heterogeneity and the association became significantly

protective

Strengths and Limitations:

This meta-analysis includes both prospective and case control studies to determine the
effect of ALA on prostate cancer

Possible confounders and sources of heterogeneity were discussed and explored in
relation to the results

Interpretation of analyses was complicated by considerable heterogeneity among the
studies, which may be due to lack of randomized controlled trials, variation in ALA
sources and dietary patterns, variation in ALA exposure levels, differences in FFQs and

food databases, variation in adjustment factors, follow-up duration, and study design
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ABSTRACT

Background: ALA is considered a cardioprotective nutrient, however some epidemiological
studies have suggested that dietary ALA intake increases the risk of prostate cancer.

Objective: To conduct a systematic review and meta-analysis of case-control and prospective
studies investigating the association between dietary ALA intake and prostate cancer risk.

Data Sources: MEDLINE and EMBASE were searched for relevant prospective and case-
control studies.

Eligibility Criteria for Selecting Studies: We included all prospective cohort, case-control,
nested case-cohort, and nested case-control studies that investigated the effect of dietary ALA
intake on the incidence (or diagnosis) of prostate cancer and provided relative risk (RR), hazard
ratios (HR), or odds ratios (OR) estimates.

Design: Data were pooled using the generic inverse variance method with a random-effects
model from studies that compared the highest ALA quantile with the lowest ALA quantile. Risk
estimates were expressed as relative risk (RR) with 95% confidence intervals (CI). Heterogeneity
was assessed by y* and quantified by I*.

Results: Data from 5 prospective and 7 case-control studies were pooled. The overall RR
estimate showed ALA intake to be positively, but non-significantly associated with prostate
cancer risk (1.08 [0.90 to 1.29], P=0.40, I’=85%)), but the interpretation was complicated by
evidence of heterogeneity not explained by study design. A weak non-significant protective
effect of ALA intake on prostate cancer risk in the prospective studies became significant (0.91
[0.83 to 0.99], P=0.02) without evidence of heterogeneity (I’=8%, P=0.35) on removal of one
study during sensitivity analyses.

Conclusions: This analysis failed to confirm an association between dietary ALA intake and
prostate cancer risk. Larger and longer observational and interventional studies are needed to

define the role of ALA and prostate cancer.

Key Words: Alpha-linolenic acid, prostate cancer, omega-3 fatty acid, meta-analysis
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INTRODUCTION

Prostate cancer is the second most common cancer in men worldwide '. Prostate cancer
incidence rates vary widely among countries, populations, and races. Incidence rates vary by
more than 25-fold worldwide, with the highest rates documented in the developed countries of
North America, Europe, and Oceania, which may be due largely to the wide utilization of
prostate- specific antigen (PSA) testing that detects clinically important tumors that might
otherwise escape diagnosis 2 In contrast, males of African descent in the Caribbean region have
the highest prostate cancer mortality rates in the world %, which is thought to reflect partly a
difference in genetic susceptibility > *. The large differences in prostate cancer incidence rates
have led to many migration and ecologic studies, which have provided strong evidence for the
role of environmental factors, such as diet, in the etiology of prostate cancer 14 n 1975,
Armstrong and Doll first hypothesized that there was an association between dietary fat and
death from prostate cancer '*, and many studies have examined this connection '>'*, but in recent
years more attention has been focused on specific fatty acids. Several studies have examined the
association between polyunsaturated fatty acids (PUFAs) and risk of prostate cancer '°°. There
has been particular interest in alpha-linolenic acid (ALA), the parent fatty acid for the ®-3
PUFAs, since increased consumption of ®-3 fatty acids is advised for cardiovascular disease risk
reduction 2 despite a possible association with prostate cancer *°.

Dietary ALA occurs mainly in plants and vegetable oils with certain seed oils (flaxseed,
perilla, chia seed, and canola), beans (soybeans, navy beans), and nuts (walnuts) singled out as
examples of healthy foods due to their high ALA content 3! However, in the United States, the
important sources of ALA are animal-based foods high in saturated fats, such as red meats, beef,
pork, and lamb, rather than ALA-rich vegetable sources, such as walnuts. °. The largest
proportion of ALA (53.8%) comes from red meat in Uruguay %, but comes from margarine
(25%) in the Netherlands **. Furthermore, foods such as bread, eggs, and margarine are now
being enriched with ALA to increase their healthfulness.

There are currently divergent health views on ALA. Numerous epidemiological **** and
clinical studies **** have shown that ALA is associated with a reduction in coronary heart
disease (CHD) incidence and heart disease mortality. However, since ALA has also been

253032 43-47

associated with an increased risk of prostate cancer, the seriousness of this potential
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association requires that any favourable effects of ALA on CHD be weighed against its possible

19-2224 and case-control studies

adverse effects on prostate cancer. Numerous prospective cohort
32454832 have investigated the association between ALA and prostate cancer risk. While previous
meta-analyses *° > >* have been conducted to determine whether a relationship exists, there has
been no meta-analysis since 2010, examining the specific effect of dietary ALA on prostate
cancer risk and none since 2009, that included in both prospective cohort and case-control
studies. Therefore, it appears timely to determine whether there are associations between dietary

ALA from o-3 fatty acid-rich foods, generally believed to be healthy, and prostate cancer risk.

METHODS

We followed the Cochrane handbook for systematic reviews of interventions version
5.1.0 updated March 2011 for the planning and conduct of this meta-analysis >. The reporting
followed the QUOROM (Quality of Reporting of Meta-analyses) guidelines 3,

Study Selection

We first conducted a search of MEDLINE (1948-April 17, 2009) and EMBASE (1974-
April 17, 2009) using the following search terms and Boolean operators: prostate AND (cancer
OR adenoma OR adenocarcinoma OR neoplasia OR gleason score) AND (alpha-linolenic acid
OR n-3 fatty acids OR omega-3 fatty acids) and this literature search was last updated on August
28, 2012. The search was restricted to human research studies. No limit was placed on language.
Manual searches of references cited by the published original studies and review articles
supplemented the database search strategy. We included all prospective cohort, retrospective
case-control, nested case-cohort, and nested case-control studies that investigated the effect of
dietary ALA intake on the incidence (or diagnosis) of prostate cancer and provided relative risk
(RR), hazard ratios (HR), or odds ratios (OR) estimates. No randomized controlled trials were
identified. No lone abstracts or unpublished studies were identified. In cases where multiple
publications existed for the same study, the article with the most recent information was

included.

Data Extraction

Two investigators (AJC, JLS) independently extracted relevant data on study

characteristics and outcomes using a standardized proforma. These data included information
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about study design (prospective cohort, case-control, etc.), sample size and participant
characteristics (nationality, race, named cohort, country of residence, gender, age, disease status,
preexisting medical conditions), follow-up duration, sources of ALA, method of ALA status
assessment, endpoints (incidence of prostate cancer, prostate specific antigen (PSA), Gleason
score etc.), endpoint assessment (self-reporting, medical records, biopsy, etc.), and number of
new incident cases. Bounds of intake categories, quartiles or quintiles, were also recorded. RR,
HR, or OR with the greatest degree of control for other environmental and dietary risk factors,
and their corresponding 95% CIs for incident prostate cancer risk were extracted as the main
endpoint. Disagreements were reconciled by consensus and where necessary by discussion with
another investigator (DJAJ). Authors were not contacted to request any additional information or

translation.

Statistical Analysis

Data were analyzed using Review Manager (RevMan) 5.1 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark) and STATA v. 11.2 (StataCorp, College
Station, TX). We used the reported RR or OR of the highest versus lowest intake category, as the
measure of the relation between ALA intake and prostate cancer risk. The primary pooled
analysis of all reports was conducted using the Generic Inverse Variance method using random
effects weighting >’ where the log RRs for cohort studies or log ORs for case-control studies
were weighted by the inverse of the variance to obtain a pooled RR estimate. Since nested case-
cohort and nested case-control studies are temporally prospective, we analyzed data from these
studies with the prospective studies. As in other meta-analyses that have examined prostate
cancer *">* ¥, ORs were considered as approximations of RRs. Since prostate cancer is a rare
disease, ORs were treated as unbiased approximations of RRs. ** Inter-study heterogeneity was
assessed by Cochrane’s Q (Chi* P<0.10) and quantified by I*. An I >50% indicated “substantial”
heterogeneity and >75% indicated “considerable” heterogeneity. ® Sources of heterogeneity
were explored by sensitivity analyses whereby the influence of individual studies was
investigated by systematic removal of each study followed by recalculation of the pooled effect
estimate and heterogeneity, as well as removal of outlier studies with risk estimates larger than 2
standard deviations from the mean risk estimate and recalculation of the pooled effect estimate

and heterogeneity. We also performed a priori subgroup analyses to assess effect modification
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by study design (prospective versus case-control). Effect modification by study characteristics
was explored using meta-regression . Publication bias was formally tested using Begg’s and

Egger’s tests.

RESULTS
Search Results

Figure 1 shows the flow of the literature selection applying the systematic search and
selection strategies to identify eligible reports. Two hundred and forty three reports were
identified by the search and two reports were manually included after a database search. Of
these, 233 were determined to be irrelevant on review of the titles and abstracts. Four additional
reports were then manually included. The remaining 16 reports were retrieved and reviewed in
full, of which 4 were excluded. Results for The Health Professionals’ Follow-up Study were
published in three separate publications at different times of follow-up 2! > %. Only the most
recent publication of the results, by Giovannucci et al. in 2007, was included in the analyses as
representing the cumulative experience of the earlier assessments of this cohort 21 A total of 12

reports, 5 prospective and 7 case-control studies, were included in the pooled analyses.

Study Characteristics

Table 1 shows the characteristics of the 12 included studies, which were composed of 7

3245 48-52 19-22 24

case-control studies and 5 prospective studies that used 3 designs: cohort, nested
case-cohort, and nested case-control. Five studies were conducted in North America, 1 in South
America, and 6 in Europe. The 12 included studies contained a total of 14,795 cases of prostate
cancer and 231,143 controls. All studies obtained dietary data using food frequency
questionnaires (FFQ). Individual and average dietary ALA intake in these studies ranged from
~0.05 to 4.16 g/d) and the reported relative risk or odds ratio of the highest versus the lowest

intake category ranged from 0.7 to 3.91.

Primary Analysis

The overall analysis of the 12 studies examined prostate cancer, comparing the highest
with the lowest ALA intake category. Seven studies reported a protective effect of ALA intake

on prostate cancer, one of which was significant, and the remaining five studies reported a
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positive association, of which 3 were significant. Overall, high exposure to ALA was not
associated with increased risk of prostate cancer (pooled RR: 1.08; 95%CI: 0.90, 1.29, P=0.40)
(Figure 2). However, there was evidence of considerable inter-study heterogeneity (I’=85%,
P<0.00001). Systematic removal of each study, and recalculation of the pooled effect during

sensitivity analyses did not identify an influential outlier.

Subgroup Analyses

Case-Control Studies

In an a priori meta-regression, we found no evidence of effect measure modification
according to study design (P=0.331). There remained significant unexplained heterogeneity
within each type of study design. In case-control studies (n=7; 4,047 cases and 4,762 controls),
the summary RR was 1.30 (95%CI: 0.81, 2.07, P=0.27), with considerable inter-study
heterogeneity (I>=90%, P<0.00001) (Figure 3). Systematic removal of each individual study
during sensitivity analyses did not explain the heterogeneity. Removal of the 2 case-control

1%, De Stefani et al.* that reported risk estimates larger than 2 standard

studies by Ramon et a
deviations from the pooled RR estimate reduced the inter-study heterogeneity (I’=68%, P=0.01)
but did not eliminate it. The overall association became protective, but was not significant

(RR=0.93; 95%CI: 0.69,1.25, P=0.64).

Prospective Studies

In prospective studies alone (n=5; 10,748 cases and 207,752 controls), no association
between ALA intake and prostate cancer risk was found (RR: 0.95; 95%CI: 0.84, 1.09, P=0.48)
(Figure 4) but there existed substantial inter-study heterogeneity (I>=69%, P=0.01). Sensitivity

analyses showed that removal of the study by Giovannucci et al. ' eliminated heterogeneity with

prospective studies (I’=8%, P=0.35) and made the protective effect significant (RR=0.91;
95%CI: 0.83,0.99, P=0.02) (Figure 5).

Publication Bias
Neither Begg's (P>0.165) nor Egger's (P>0.527) tests revealed evidence of publication
bias, however, one study by Ramon et al. ** had an unusually large effect with a small standard

€rror.
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DISCUSSION

Summary of Results

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated non-
significant heterogeneous effects of ALA on prostate cancer risk. Overall, there was no
significant association between ALA intake and risk of prostate cancer. The subgroup analysis of

case control studies alone showed a positive non-significant association, but with substantial

|32 14,

heterogeneity. However, upon removal of the studies by De Stefani et al. ™ and Ramon et a
which reported large odds ratios greater than 3 but were still within 2 standard deviations of the
mean effect, the association became non-significantly protective with decreased heterogeneity.
When examining the prospective studies alone, the association between ALA intake and prostate
cancer risk was non-significantly protective and after removal of the study by Giovannucci et al.
! became weakly, but significantly, protective with no heterogeneity.

The results from the prospective studies are similar to those of previously published
findings that examined only prospective studies >. Our study additionally investigated the
association between dietary ALA intake and prostate cancer risk among case-control studies and
reached the conclusion of non-significantly increased risk with high heterogeneity, particularly
due to the inclusion of two studies with very high odds ratios. We explore whether these
heterogeneous results can be explained by a number of factors, such as the variation in ALA
consumption, sources, or population dietary patterns. However, this heterogeneity among the

case-control studies may serve to highlight the less reliable nature of case-control study design as

it inherently involves recall bias since dietary information is collected after disease development.

Heterogeneity and the Effect of ALA between Studies

In our study, different findings reviewed and inter-study heterogeneity may be explained
by a number of factors: variation in ALA consumption and sources of ALA as a result of the
population’s dietary patterns, variation in ALA exposure levels, use of different FFQs and food
databases, variation in adjustment factors, and difference in follow-up times among prospective

studies.

Variation in ALA Consumption and Sources, and Population Dietary Patterns
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10

In the Netherlands, the chief sources of ALA include margarine (25% of daily intake),
meat (11%), bread (10%), and vegetables (8%) **, whereas in the United States, major sources of
ALA come from mayonnaise, creamy salad dressings, margarine, butter, beef, pork, lamb, and
oil and vinegar-based dressings »°. Interestingly, the prospective study from the Netherlands
reported a weak protective effect of ALA intake on prostate cancer risk *°, but the most recent
study from the United States reported a 25% increase in risk >'. This difference may be due to the
nature of the foods that contain ALA since in the United States, the sources of ALA are not the
“healthy” sources where ALA is naturally found (e.g. flaxseed, walnuts, and canola oil), but
rather profiled an unhealthy diet (e.g. canola oil in the form of mayonnaise and creamy salad
dressings), which may be indicative of a less healthy lifestyle and this in itself may contribute to
an increased risk of prostate cancer independent of ALA intake levels ' 2,

In addition, in the case-control studies from Uruguay 32 and Spain % that showed the
largest increases in prostate cancer risk demonstrated that meat, and not vegetable, was the major
source of ALA. When these two studies were removed from the analysis of the case-control
studies, the effect of ALA intake on prostate cancer changed from a non-significantly positive to
a non-significantly protective effect. Compared with the other studies from Europe and the
United States, there is a much higher consumption of meat in Spain * and Uruguay, with
Uruguay having the highest meat consumption per capita in the world ®*. An earlier analysis of
the Health Professionals Follow-up Study cohort *° supports this positive association between red
meat consumption and prostate cancer risk. Furthermore, the two studies from Spanish-speaking
countries also investigated the effect of animal fat on prostate cancer and both found significant
positive associations. The Uruguayan study >* observed that at the highest level of ALA intake
derived from animal sources resulted in almost 3 times the risk of developing prostate cancer and
the Spanish study * revealed that the highest level of animal fat intake was associated with 2
times the risk. These findings indicate that high meat intake rather than high ALA may explain
ALA’s apparent adverse effect on prostate cancer. In further support of this idea, the study by
Bidoli et al.>® demonstrated a significant protective association between ALA and prostate cancer
risk in an Italian population where ALA is mainly derived from olive oil ® and the diet is rich in
raw vegetables *° rather than meat, profiling an overall more “healthy” diet.

An explanation for the apparent association of prostate cancer incidence with vegetable

sources of ALA may be that in addition those who follow healthy lifestyles with increased plant
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ALA sources may undergo more frequent prostate specific antigen (PSA) testing and therefore
have early prostate cancer detection. In this respect it has been found that higher whole grain
intake was also associated with increased prostate cancer risk. However, when frequency of PSA
screening was accounted for, the association of whole grains with prostate cancer incidence
disappeared ®°. These studies indicate the importance of not only identifying the dietary sources
of ALA, but taking into account what the nature of the foods may indicate in terms of diet and

lifestyle since these also may affect prostate cancer risk.

Variation in ALA Exposure Levels

Another important aspect to consider is the differing exposure levels between the studies.
Each study had different cut-offs for each quantile, which makes a true comparison of ALA
intake exposure difficult since some studies had higher levels of ALA in their highest intake
quantile than others. Further, some studies did not adequately define the absolute upper and/or

213230 and one study did not report numerical exposure levels **. Two

lower limits of ALA intake
studies, one from Spain ** and one from the Netherlands *, with the largest adequately defined
upper and lower limits of ALA exposure ranges, paradoxically reported the second highest and
the second lowest risk of developing prostate cancer, respectively. Since the studies with the
greatest range of exposure do not necessarily show the greatest effects, dietary variation in the
levels of exposure does not appear to explain differences among the studies, thereby making
differences in dietary sources of ALA of more importance especially in relation to meat

consumption in Western countries.

Variation in FFQs and Food Databases

In terms of utilizing different FFQs and food databases, each study used a different
dietary FFQ. ALA content of processed food can vary, which can be of concern when using food
databases to translate food intake into fatty acid intake. For example, the ALA content of 12

margarines available in Australia range from 0.2% to 5.9% ¢’
Variation in Adjustment Factors

Although all the studies reported adjusted RRs or ORs, the adjustment factors were not

consistent among the studies. Some of the adjustment factors in these studies included age,
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smoking history, physical activity level, BMI, family history of prostate cancer, history of
diabetes mellitus, race, education, socioeconomic status, area of residence and intakes of total
calories, fat, processed meat, fish, lycopene, and vitamin E supplements. Currently, the most
well-established risk factors for prostate cancer are age, family history of the disease, and
race/ethnicity °® and consequently are the most important adjustment factors. Only 4 2°*°? of the
12 included studies adjusted for all of these 3 factors. The studies conducted by Park et al. '° and
Mannisto et al. ** did not adjust for age, which is by far the strongest predictor of prostate cancer
incidence and death . A family history of prostate cancer has been shown to increase the risk of
diagnosis and death and this factor was not adjusted for in studies by Hedelin et al. >, Andersson
et al. *®, and Mannisto et al. ** Race is a prostate cancer risk factor and prognostic factor, with
African-American or Black men being at increased risk, and this was not adjusted for in the
studies by Bidoli et al. % De Stefani et al. **, Ramon et al. **, and Meyer et al. * Differences in
adjustment among the included studies, particularly with respect to the important factors of age,
family history of prostate cancer, and race could result in differences in risk estimates, thereby

contributing to inter-study heterogeneity.

Variation in Follow-up Duration
Follow-up time may also have an effect on heterogeneity, especially since the study by
Giovannucci et al. 2! had the longest follow-up duration (16 years). Comparing previous

32 with this most recent study *', demonstrates a

prospective studies following the same cohort
shift over time (total of 12 years) from a non-significant to a significant positive association
between ALA intake and prostate cancer. So, it can be hypothesized that the heterogeneity
induced by this study may indicate that follow-up duration is positively related to the strength of
the association between ALA and prostate cancer risk. This association may relate to the
development of cancer over a longer period of time and therefore stronger association in the
cohort between agents that may cause cancer and tumour occurrence. Alternatively, this

relationship may reflect changes in diagnostic effectiveness over time.
Reasons for the Lack of Effect of ALA

The overall effect of ALA on prostate cancer was found to be non-significant but may

result from a number of factors including ALA exposure levels that are within health guidelines,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 13 of 61

©CoO~NOUTA,WNPE

364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394

BMJ Open

13

confounding from other polyunsaturated fatty acids, and the difference in effect of ALA on
prostate cancer mortality versus incidence.

The mean dietary ALA intake levels observed in these studies were all within the dietary
reference intake (DRI) range of 1.1 to 1.6 g/d ®, suggesting that ALA may not increase the risk
of cancer more than any other nutrient promoting cell growth. Rather, since ALA is a nutrient
deficient in the Western diet '°, it may be that a deficiency inhibits all cell growth, including
tumour growth, instead of adequate or excess levels causing prostate cancer growth.

Another issue to consider is confounding from other polyunsaturated fatty acids such as
omega-6 or other omega-3 fatty acids (eicosapentaenoic and docosahexaenoic fatty acids) that
might affect ALA metabolism ’' and consequently may introduce bias. The case-control study
from the United States °* demonstrated this as there was no significant association between ALA,
omega-3, or omega-6 fatty acids and prostate cancer risk individually, but the highest dietary
ratio of omega-6/omega-3 fatty acids was significantly associated with increased risk of high
grade prostate cancer.

Finally, our analysis involved cancer incidence rather than mortality and ALA, among
other factors such as energy intake, height, body mass index, calcium, and smoking, are also
associated with cancer mortality . The study by De Stefani et al. *%, which was the only study
that defined cases solely as advanced prostate cancer, had the highest risk estimate of prostate
cancer, indicating that ALA may be strongly associated with disease progression rather than
incidence. In support of this point, the prospective study by Giovannucci et al. ! found that
higher ALA intake was more strongly associated with increased risk of fatal prostate cancer than
with incident. However, three other prospective studies did not find any difference between the

192022 "Erom these mixed findings,

effects of ALA on incident or advanced prostate cancer cases
it is unclear whether ALA is associated with severity of prostate cancer, but determining whether
ALA impacts prostate cancer incidence or progression is an important distinction that should be
investigated in the future. Furthermore, the picture of ALA’s effect on prostate cancer is
complicated by the positive association of incident prostate cancer with either serum or adipose
tissue ALA levels 2** *404772 gegpite the in vitro evidence which suggests that ALA may
suppress prostate cancer cell growth > ™. However, there appears to be some correlation between

ALA intake and serum ALA levels. In terms of intake, Gann et al. ** found that plasma ALA

levels were significantly positively correlated with meat and dairy product intake, and similar to

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

BMJ Open Page 14 of 61

14

the prospective analysis from the Health Professionals Follow-Up Study *°, they found that red
meat was positively associated with advanced prostate cancer, whereas diary foods were not.
This corroboration not only suggests a correlation between ALA intake and serum ALA levels,
but enforces the positive association between ALA from red meat and prostate cancer as seen in

the studies from Uruguay > and Spain *°, rather than from plant foods.

Limitations

The first limitation of the meta-analysis is that all data currently available for inclusion
come from epidemiological studies since there are no data from randomized controlled trials due
to ethical concerns. Second, interpretation of the analyses was complicated by the evidence of
considerable heterogeneity among the studies, which as discussed above may have resulted from
differences in ALA sources and population dietary patterns, ALA exposure levels, FFQs and
food databases, adjustment factors, and duration of follow-up. There are also inherent limitations
in the studies included based on study design. For example, there is the possibility of recall bias

in case-control studies, as dietary intake information is collected after disease development.

CONCLUSION

In conclusion, these findings provide no clear evidence of an association between dietary
ALA intake and prostate cancer risk. Further, since these observational studies can only show
association between ALA intake and prostate cancer, possible causation would be difficult to
establish. Therefore, additional research from epidemiological, clinical, and in vitro studies are
required to elucidate whether ALA has a promotional, inhibitory, or no effect on prostate cancer
risk and development. For the present, no significant association has been found and where any
support of a positive effect was seen, red meat sources have been strongly implicated. The source
of ALA appears to be of importance, particularly identifying whether it is from animal or
vegetable sources, as ALA may be a marker for higher meat and fat intake in some countries
both of which have been associated with increased prostate cancer risk. Attention should also be
paid to the effect of ALA on prostate cancer progression to address the issues of specific
vulnerability identified in the studies of Giovannucci et al. and De Stefani et al. *' *>. However,
resolving the relation of dietary ALA to prostate cancer risk through randomized controlled trials

will likely continue to be difficult due to the significant public health implications of
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reducing/eliminating a dietary fatty acid which is essential and has suggested heart health
benefits. Of probably greater importance is determination of the sources of the fatty acid since
ALA is associated in the North American diet with meat membranes and creamy salad dressings,

which themselves may be markers of a suboptimal dietary pattern and lifestyle

“What this Paper Adds”

ALA is considered a cardioprotective nutrient, however some epidemiological studies have
suggested that dietary ALA intake increases the risk of prostate cancer. Although Carayol et al.
conducted a meta-analysis on the effect of dietary ALA on prostate cancer in 2010, only prospective
studies were analyzed and case-control studies were not included. Overall, we found no significant
association between ALA intake and risk of prostate cancer. The results from the prospective studies
were similar to those of previously published findings. However, the subgroup analysis of case control
studies alone showed a positive non-significant association, but with substantial heterogeneity. The case
control studies suggested an element of increased risk, which was dependent on the inclusion of two
studies with very high odds ratios, the reasons for which are difficult to explain. Additional research
from epidemiological, clinical, and in vitro studies are required to elucidate whether ALA has a

promotional, null, or inhibitory effect on prostate cancer risk and development.
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Country of Incident Follow-up Relative Risk or

Study Origin Study Design Sample size Age (years) Cases (years) Exposure level (g/d) Odds Ratio 95% CI
Andersson et al. 1996 [38] Sweden Case-control 526 cases/536 controls <80 - - 0.817 - 1.352 0.93 0.65-1.32
Meyer et al. 1997 [39] Canada Case-control 215 cases/593 controls >45 - - - 0.98 0.54-1.78
Schuurman et al. 1999 [18]* Netherlands Nested case-cohort 58,279 (1525 subcohort) 55-69 642 6.3 0.7-21 0.76 0.66-1.04
De Stefani et al. 2000 [29] Uruguay Case-control 217 cases/431 controls 40-89 - - <0.8-21.5 3.91 1.50-10.1
Ramon et al. 2000 [40] Spain Case-control 217 cases/434 controls <60-80 - - 0.72-21 3.1 2.2-4.7
Mannisto et al. 2003 [22]* Finland Nested case-control 198 cases/198 controls 50-69 246 5-8 1.0-23 1.16 0.64-2.13
Bidoli et al. 2005 [41] Italy Case-control 1294 cases/1451 controls 45-74 - - mean 1.6 0.7 0.6-0.9
Koralek et al. 2006 [20]* United States Prospective cohort 29,592 55-74 1898 5.1 1.09-1.75 0.94 0.81-1.09
Hedelin et al. 2007 [42] Sweden Case-control 1499 cases/1130 controls mean 67.3 - - 0.05-0.60 1.35 0.99-1.84
Giovannucci et al. 2007 [19]* United States Prospective cohort 47,750 40-75 3544 16 <0.79 - 21.32 1.12 1.01-1.25
Park et al. 2007 [17]* United States Prospective cohort 82,483 >45 4404 8 1.1-2.14% 0.92 0.84-1.02
Williams et al. 2011 [43] United States Case-control 79 cases/187 controls 218 - <1.0 - 4.156t 0.82 0.41-1.65

* Prospective studies.
1 Based on a 2000 kcal diet.
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Figure 1 - Flow of the literature.
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Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Andersson 1996 (48] &.4% 0.93 [0.65, 1.33] 1996 — T
Meyer 1997 [49] 5.2% 0.98 [0.54, 1.78] 1997 . p—
Schuurman 1993 [20] 10.5%  0.76[0.61, 0.95] 1999 ——
De Stefani 2000 [32] 2.7% 3.91[1.51, 10.15] 2000
Ramon 2000 [45] 8.0%  3.10[2.12, 4.53] 2000 —_
Mannisto 2003 [24] 5.1%  1.16 [0.64, 2.12] 2003 _—
Bidoli 2005 [50] 10.9% 0.70[0.57, 0.86] 2005 —
Koralek 2006 (22)] 11.6% 0.94 [0.81, 1.09] 2006 -
Hedelin 2007 [51] 9.1% 1.35 [0.99, 1.84] 2007 =
Park 2007 [19] 12.2%  0.92 [0.83, 1.01] 2007 -
Giovannucci 2007 [21]) 12.1% 1.12 [1.01, 1.25] 2007 [
Williams 2011 [52] 4.3% 0.82 [0.41, 1.64] 2011 .
Total (95% CI) 100.0% 1.08 [0.90, 1.29]

Heterogeneity: Tau® = 0.06; Chi* = 71.45, df = 11 (P < 0.00001); I’ = 85% ¢ } f } }
Test for overall effect: 7 = 0.84 (P = 0.40) 0.102 o5 1 2 5 10

Favours ALA  Favours Control

Figure 2 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control, nested
case-control, nested case-cohort, and cohort studies. Relative Risk (RR) with 95% CI, study
weights, and pooled effect estimates were generated using the general inverse variance method
with random effects models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study
heterogeneity was tested by Cochrane’s Q (Chi?) at a significance level of P<0.10 and quantified
by I, where I*> 50 % is considered to be evidence of substantial heterogeneity and >75%,

considerable heterogeneity >°.

Risk Ratio Risk Ratio
Study or Subgroup Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
Andersson 1996 [48] 15.7% 0.93 [0.65, 1.33] 1996 —a—
Meyer 1997 [49] 13.5% 0.98 [0.54, 1.78] 1997 —_—
Ramon 2000 [45] 15.5% 3.10 [2.12, 4.53] 2000 —
De Stefani 2000 [32] 10.0% 3.91(1.51, 10.15] 2000  —
Bidoli 2005 [50] 16.7% 0.70 [0.57, 0.86] 2005 ——
Hedelin 2007 [51] 16.1% 1.35 [0.99, 1.84] 2007 -
Williams 2011 [52] 12.5% 0.82 [0.41, 1.64] 2011 e
Total (95% CI) 100.0% 1.30 [0.81, 2.07]

[T 2 - w2 = = -2 = % ! ! ! | ! !
Heterogeneity: Tau® = 0.33; Chi 57.44,df = 6 (P < 0.00001); | 90 31032 os 1 3 b

Test for overall effect: Z= 1.10(P = 0.27) Favours ALA Favours Contral

Figure 3 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane

Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
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significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity >°.

Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Schuurman 1999 [20] 16.6% 0.76 [0.61, 0.95] 1999 —8—
Mannisto 2003 [24] 4.1% 1.16 [0.64, 2.12] 2003 —
Koralek 2006 [22] 23.4% 0.94 [0.81, 1.09] 2006
Park 2007 [19] 28.4% 0.92 [0.83, 1.01] 2007

Giovannucci 2007 [21] 27.5% 1.12 [1.01, 1.25] 2007

Total (95% CI) 100.0% 0.95 [0.84, 1.09]
Heterogeneity: Tau® = 0.01; Chi* = 13.03, df = 4 (P = 0.01); I = 69% o f f

_ 6102 o5 1 & ST
Test for overall effect: Z = 0.70 (P = 0.48) Favours ALA  Favours Control

Figure 4 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity .

Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Schuurman 1999 [20] 12.8% 0.76 [0.61, 0.95] 1999 —=—
Mannisto 2003 [24] 1.9% 1.16 [0.64, 2.12] 2003 R
Koralek 2006 [22] 28.1% 0.94 [0.81, 1.09] 2006 :—
Park 2007 [19] 57.1% 0.92 [0.83, 1.01] 2007
Total (95% CI) 100.0% 0.91 [0.83, 0.99] ]

Heterogeneity: Tau® = 0.00; Chi* = 3.27, df = 3 (P = 0.35); I = B% ﬂIJ

Test for overall effect: Z = 2.28 (P = 0.02) 102 05 1 2 5 10

Favours ALA  Favours Control

Figure 5 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies
after the systematic removal of the study by Giovannucci et al. *' following a sensitivity analysis.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity >°.
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ABSTRACT

Background: ALA is considered a cardioprotective nutrient, however some epidemiological
studies have suggested that dietary ALA intake increases the risk of prostate cancer.

Objective: To conduct a systematic review and meta-analysis of case-control and prospective
studies investigating the association between dietary ALA intake and prostate cancer risk.

Data Sources: MEDLINE and EMBASE were searched for relevant prospective and case-
control studies.

Eligibility Criteria for Selecting Studies: We included all prospective cohort, case-control,
nested case-cohort, and nested case-control studies that investigated the effect of dietary ALA
intake on the incidence (or diagnosis) of prostate cancer and provided relative risk (RR), hazard
ratios (HR), or odds ratios (OR) estimates.

Design: Data were pooled using the generic inverse variance method with a random-effects
model from studies that compared the highest ALA quantile with the lowest ALA quantile. Risk
estimates were expressed as relative risk (RR) with 95% confidence intervals (CI). Heterogeneity
was assessed by x* and quantified by I°.

Results: Data from 5 prospective and 7 case-control studies were pooled. The overall RR
estimate showed ALA intake to be positively, but non-significantly associated with prostate
cancer risk (1.08 [0.90 to 1.29], P=0.40, I’=85%), but the interpretation was complicated by
evidence of heterogeneity not explained by study design. A weak non-significant protective
effect of ALA intake on prostate cancer risk in the prospective studies became significant (0.91
[0.83 to 0.99], P=0.02) without evidence of heterogeneity (’=8%, P=0.35) on removal of one
study during sensitivity analyses.

Conclusions: This analysis failed to confirm an association between dietary ALA intake and
prostate cancer risk. Larger and longer observational and interventional studies are needed to

define the role of ALA and prostate cancer.

Key Words: Alpha-linolenic acid, prostate cancer, omega-3 fatty acid, meta-analysis
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10 63 INTRODUCTION

11 64 Prostate cancer is the second most common cancer in men worldwide '. Prostate cancer
ig 65 incidence rates vary widely among countries, populations, and races. Incidence rates vary by
14 66  more than 25-fold worldwide, with the highest rates documented in the developed countries of
ig 67  North America, Europe, and Oceania, which may be due largely to the wide utilization of

17 68  prostate- specific antigen (PSA) testing that detects clinically important tumors that might

18 69 otherwise escape diagnosis > In contrast, males of African descent in the Caribbean region have
20 70  the highest prostate cancer mortality rates in the world %, which is thought to reflect partly a

21 71 difference in genetic susceptibility > *. The large differences in prostate cancer incidence rates
72 have led to many migration and ecologic studies, which have provided strong evidence for the
24 73 role of environmental factors, such as diet, in the etiology of prostate cancer ', In 1975,

25 74 Armstrong and Doll first hypothesized that there was an association between dietary fat and

27 75  death from prostate cancer 12, and many studies have examined this connection 15'18, but in recent
28 76  years more attention has been focused on specific fatty acids. Several studies have examined the
77 association between polyunsaturated fatty acids (PUFAs) and risk of prostate cancer '°°. There
31 78  has been particular interest in alpha-linolenic acid (ALA), the parent fatty acid for the ©-3

79  PUFAs, since increased consumption of ®-3 fatty acids is advised for cardiovascular disease risk

33
34 80 reduction *** despite a possible association with prostate cancer *°.
gg 81 Dietary ALA occurs mainly in plants and vegetable oils with certain seed oils (flaxseed,

37 82  perilla, chia seed, and canola), beans (soybeans, navy beans), and nuts (walnuts) singled out as
38 g3 examples of healthy foods due to their high ALA content 3! However, in the United States, the
40 84  important sources of ALA are animal-based foods high in saturated fats, such as red meats, beef,
41 85 pork, and lamb, rather than ALA-rich vegetable sources, such as walnuts. 2. The largest

86  proportion of ALA (53.8%) comes from red meat in Uruguay *2, but comes from margarine

44 87  (25%) in the Netherlands **. Furthermore, foods such as bread, eggs, and margarine are now

45 gg being enriched with ALA to increase their healthfulness.

47 %9 There are currently divergent health views on ALA. Numerous epidemiological *** and
48 90 clinical studies “*** have shown that ALA is associated with a reduction in coronary heart

91 disease (CHD) incidence and heart disease mortality. However, since ALA has also been

25303243-47

51 92  associated with an increased risk of prostate cancer, the seriousness of this potential
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association requires that any favourable effects of ALA on CHD be weighed against its possible

19-22 24 .
and case-control studies

adverse effects on prostate cancer. Numerous prospective cohort
32454852 have investigated the association between ALA and prostate cancer risk. While previous
meta-analyses 305354 have been conducted to determine whether a relationship exists, there has
been no meta-analysis since 2010, examining the specific effect of dietary ALA on prostate
cancer risk and none since 2009, that included in both prospective cohort and case-control
studies. Therefore, it appears timely to determine whether there are associations between dietary

ALA from -3 fatty acid-rich foods, generally believed to be healthy, and prostate cancer risk.

METHODS

We followed the Cochrane handbook for systematic reviews of interventions version
5.1.0 updated March 2011 for the planning and conduct of this meta-analysis >°. The reporting
followed the QUOROM (Quality of Reporting of Meta-analyses) guidelines .

Study Selection

We first conducted a search of MEDLINE (1948-April 17, 2009) and EMBASE (1974-
April 17,2009) using the following search terms and Boolean operators: prostate AND (cancer

OR adenoma OR adenocarcinoma OR neoplasia OR gleason score) AND (alpha-linolenic acid

OR n-3 fatty acids OR omega-3 fatty acids) and this literature search was last updated on August

28, 2012. The search was restricted to human research studies. No limit was placed on language.
Manual searches of references cited by the published original studies and review articles
supplemented the database search strategy. This-search-strategy-waslastupdated-onAugust 28;
2042-We included all prospective cohort, retrospective case-control, nested case-cohort, and
nested case-control studies that investigated the effect of dietary ALA intake on the incidence (or
diagnosis) of prostate cancer and provided relative risk (RR), hazard ratios (HR), or odds ratios
(OR) estimates. No randomized controlled trials were identified. No lone abstracts or
unpublished studies were identified. In cases where multiple publications existed for the same

study, the article with the most recent information was included.

Data Extraction

Two investigators (AJC, JLS) independently extracted relevant data on study

characteristics and outcomes using a standardized proforma. These data included information

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 30 of 61



Page 31 of 61 BMJ Open

©CoO~NOUTA,WNPE

122
123
124
125
126
127
128
129
130
131
132

133

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

about study design (prospective cohort, case-control, etc.), sample size and participant
characteristics (nationality, race, named cohort, country of residence, gender, age, disease status,
preexisting medical conditions), follow-up duration, sources of ALA, method of ALA status
assessment, endpoints (incidence of prostate cancer, prostate specific antigen (PSA), Gleason
score etc.), endpoint assessment (self-reporting, medical records, biopsy, etc.), and number of
new incident cases. Bounds of intake categories, quartiles or quintiles, were also recorded. RR,
HR, or OR with the greatest degree of control for other environmental and dietary risk factors,
and their corresponding 95% Cls for incident prostate cancer risk were extracted as the main
endpoint. Disagreements were reconciled by consensus and where necessary by discussion with
another investigator (DJAJ). Authors were not contacted to request any additional information or

translation.

Statistical Analysis

Data were analyzed using Review Manager (RevMan) 5.1 (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark) and STATA v. 11.2 (StataCorp. College
Station, TX). We used the reported RR or OR of the highest versus lowest intake category, as the

measure of the relation between ALA intake and prostate cancer risk. A-The primary pooled
analysis of all reports was conducted using the Generic Inverse Variance method using random
effects models-weighting *’ where the log RRs for cohort studies or log ORs for case-control
studies were weighted by the inverse of the variance to obtain a pooled RR estimate. Since
nested case-cohort and nested case-control studies are temporally prospective, we analyzed data
from these studies with the prospective studies. As in other meta-analyses that have examined

prostate cancer ******, ORs were considered as approximations of RRs. Since-the-initial-risk-of

prostate-caneeristowSince prostate cancer is a rare disease, #is-unlikely-that-there-will bea

substantial- diserepaney-in-approximatingORs_were treated as unbiased approximations of-te
RRs. *° Inter-study heterogeneity was assessed by Cochrane’s Q (Chi” P<0.10) and quantified by

I*. An I2 >50% indicated “substantial” heterogeneity and >75% indicated “considerable”
heterogeneity. ®* Sources of heterogeneity were explored by sensitivity analyses whereby the
influence of individual studies was investigated by systematic removal of each study followed by
recalculation of the pooled effect estimate and heterogeneity, as well as removal of outlier

studies with risk estimates larger than 2 standard deviations from the mean risk estimate and
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recalculation of the pooled effect estimate and heterogeneity. We also performed a priori

subgroup analyses to assess effect modification by study design (prospective versus case-

control). Effect modification by study characteristics was explored using meta-regression Pest-

adies. Publication bias-that was

formally tested using Begg’s and Egger’s tests.

RESULTS
Search Results

Figure 1 shows the flow of the literature selection applying the systematic search and
selection strategies to identify eligible reports. Two hundred and forty three reports were
identified by the search and two reports were manually included after a database search. Of
these, 233 were determined to be irrelevant on review of the titles and abstracts. Four additional
reports were then manually included. The remaining 16 reports were retrieved and reviewed in
full, of which 4 were excluded. Results for The Health Professionals’ Follow-up Study were
published in three separate publications at different times of follow-up %' **%. Only the most
recent publication of the results, by Giovannucci et al. in 2007, was included in the analyses as
representing the cumulative experience of the earlier assessments of this cohort 21 A total of 12

reports, 5 prospective and 7 case-control studies, were included in the pooled analyses.

Study Characteristics

Table 1 shows the characteristics of the 12 included studies, which were composed of 7

324548-52 19-22 24

case-control studies and 5 prospective studies that used 3 designs: cohort, nested
case-cohort, and nested case-control. Five studies were conducted in North America, 1 in South
America, and 6 in Europe. The 12 included studies contained a total of 14,795 cases of prostate
cancer and 231,143 controls. All studies obtained dietary data using food frequency
questionnaires (FFQ). Individual and average dietary ALA intake in these studies ranged from
~0.05 to 4.16 g/d) and the reported relative risk or odds ratio of the highest versus the lowest

intake category ranged from 0.7 to 3.91.
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Primary Analysis

The overall analysis of the 12 studies_ examined prostate cancer, comparing the highest
with the lowest ALA intake category. Seven studies reported a protective effect of ALA intake
on prostate cancer, one of which was significant, and the remaining five studies reported a
positive association, of which 3 were significant. Overalialtheugh-the relativerisk-was
inereased-numerieally- by-8%;-Overall, high exposure to ALA was not associated with increased

risk of prostate cancer this-inerease-in-prostate-caneerrisk-was-notsignificant-(pooled RR: 1.08;
95%CI: 0.90, 1.29, P=0.40) (Figure 2). However, there was evidence of considerable inter-study

heterogeneity (I’=85%, P<0.00001). Systematic removal of each study. and recalculation of the

pooled effect- during sensitivity analyses did not suggestidentify ; an
influential outlier.
Subgroup Analyses

Case-Control Studies

In an a priori meta-regression, we found no evidence of effect measure modification

according to study design (P-value-of the-associated betacoetficientfor study-desienP-for | - {Formatted: Font: Not Italic, Font color: Auto ]

heterogeneity= 0.331). There remained significant unexplained heterogeneity within each type of
study design. In case-control studies (n=7; 4,047 n-cases and 4,762# controls), the summary RR

was 1.30 (95%CI: 0.81, 2.07, P=0.27), with considerable inter-study heterogeneity (I’=90%,

P<0.00001) (Figure 3). Systematic removal of each individual study during sensitivity analyses
did not explain the heterogeneity. Removal of the 2 case-control studies by Ramon et al.*’, De
Stefani et al.* that reported risk estimates larger than 2 standard deviations from the pooled RR
estimate reduced the inter-study heterogeneity (I’=68%, P=0.01) but did not eliminate it-Figure
4). The overall association became wealdy-protective, but was not significant (RR=0.93; 95%CI:

0.69,1.25, P=0.64)-(Figure4). Removal of the 3case-control studies by Ramonetal-* De

Stefuni et al. =L and Bidoli ctal. " that had risk estinates outside the 95% Clolthe pooled RR- Field Code Changed

. .. .. . 2 110 . . ~C ‘[Formatted: French (France)
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In prospective studies alone (n=5; 10.748# cases and 207.752# controls), no association
between ALA intake and prostate cancer risk was revealed-found (RR: 0.95; 95%CI: 0.84, 1.09,
P=0.48) (Figure 46) but there existed substantial inter-study heterogeneity (I’=69%, P=0.01).

Sensitivity analyses showed that removal of the study by Giovannucci et al. *' eliminated
heterogeneity with prospective studies (I>=8%, P=0.35) and made the protective effect
significant (RR=0.91; 95%CI: 0.83,0.99, P=0.02) (Figure 57).

Publication Bias

Neither Begg's (P>0.165) nor Egger's (P>0.527) tests revealed evidence of publication
bias, however, one study by Ramon et al. 4 had an unusually large effect with a small standard

€1ror.

DISCUSSION

Summary of Results

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated non-
significant heterogeneous effects of ALA on prostate cancer risk. Overall, there was no
significant association between ALA intake and risk of prostate cancer. The subgroup analysis of
case control studies alone showed a positive non-significant association, but with substantial
heterogeneity. However, upon removal of the studies by De Stefani et al. *> and Ramon et al. **,
which reported large odds ratios greater than 3 but were still within 2 standard deviations of the
mean effect, the association became weakhy-non-significantly protective with decreased
heterogeneity. \When examining the prospective studies alone, the association between ALA
intake and prostate cancer risk was weakly-non-significantly protective and after removal of the

121

study by Giovannucci et al. =~ became weakly, but significantly, protective with no

heterogeneity.|
The results from the prospective studies are similar to those of previously published
findings that examined only prospective studies >. Our study additionally investigated the

association between dietary ALA intake and prostate cancer risk among case-control studies and
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reached a-stmtarthe conclusion of non-significantly increased risk with high heterogeneity,

particularly due to the inclusion of two studies with very high odds ratios. We explore whether

these heterogeneous results can be explained by a number of factors, such as the variation in

ALA consumption, sources, or population dietary patterns. However, this heterogeneity among

the case-control studies may serve to highlight the less reliable nature of case-control study

design as it inherently involves recall bias since dietary information is collected after disease

development.
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Heterogeneity and the Effect of ALA between Studies

In our study, different findings reviewed and inter-study heterogeneity may be explained
by a number of factors: variation in ALA consumption and sources of ALA as a result of the
population’s dietary patterns, variation in ALA exposure levels, use of different FFQs and food
databases, variation in adjustment factors, and difference in follow-up times among prospective

studies.

Variation in ALA Consumption and Sources, and Population Dietary Patterns-

In the Netherlands, the chief sources of ALA include margarine (25% of daily intake),
meat (11%), bread (10%), and vegetables (8%) **, whereas in the United States, major sources of
ALA come from mayonnaise, creamy salad dressings, margarine, butter, beef, pork, lamb, and
oil and vinegar-based dressings *°. Interestingly, the prospective study from the Netherlands
reported a weak protective effect of ALA intake on prostate cancer risk *°, but the most recent
study from the United States reported a 25% increase in risk *'. This difference may be due to the
nature of the foods that contain ALA since in the United States, the sources of ALA are not the
“healthy” sources where ALA is naturally found (e.g. flaxseed, walnuts, and canola oil), but
rather profiled an unhealthy diet (e.g. canola oil in the form of mayonnaise and creamy salad
dressings), which may be indicative of a less healthy lifestyle and this in itself may contribute to

an increased risk of prostate cancer independent of ALA intake levels ' ¢,
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In addition, in the case-control studies from Uruguay 32 and Spain * that showed the
largest increases in prostate cancer risk demonstrated that meat, and not vegetable, was the major
source of ALA. When these two studies were removed from the analysis of the case-control
studies, the effect of ALA intake on prostate cancer changed from a non-significantly swealdy
positive to a non-significantlywealdy protective effect. Compared with the other studies from
Europe and the United States, there is a much higher consumption of meat in Spain ** and
Uruguay, with Uruguay having the highest meat consumption per capita in the world **. An
earlier analysis of the Health Professionals Follow-up Study cohort » supports this positive
association between red meat consumption and prostate cancer risk. Furthermore, the two studies
from Spanish-speaking countries also investigated the effect of animal fat on prostate cancer and
both found significant positive associations. The Uruguayan study ** observed that at the highest
level of ALA intake derived from animal sources resulted in almost 3 times the risk of
developing prostate cancer and the Spanish study *° revealed that the highest level of animal fat
intake was associated with 2 times the risk. These findings indicate that high meat intake rather
than high ALA may explain ALA’s apparent adverse effect on prostate cancer. In further support
of this idea, the study by Bidoli et al.*® demonstrated a significant protective association between
ALA and prostate cancer risk in an Italian population where ALA is mainly derived from olive
0il ® and the diet is rich in raw vegetables > rather than meat, profiling an overall more
“healthy” diet.

An explanation for the apparent association of prostate cancer incidence with vegetable
sources of ALA may be that in addition those who follow healthy lifestyles with increased plant
ALA sources may undergo more frequent prostate specific antigen (PSA) testing and therefore
have early prostate cancer detection. In this respect it has been found that higher whole grain
intake was also associated with increased prostate cancer risk. However, when frequency of PSA
screening was accounted for, the association of whole grains with prostate cancer incidence
disappeared . These studies indicate the importance of not only identifying the dietary sources
of ALA, but taking into account what the nature of the foods may indicate in terms of diet and

lifestyle since these also may affect prostate cancer risk.

Variation in ALA Exposure Levels-
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Another important aspect to consider is the differing exposure levels between the studies.
Each study had different cut-offs for each quantile, which makes a true comparison of ALA
intake exposure difficult since some studies had higher levels of ALA in their highest intake
quantile than others. Further, some studies did not adequately define the absolute upper and/or

213250 . . 49
and one study did not report numerical exposure levels ™. Two

lower limits of ALA intake
studies, one from Spain ** and one from the Netherlands *°, with the largest adequately defined
upper and lower limits of ALA exposure ranges, paradoxically reported the second highest and
the second lowest risk of developing prostate cancer, respectively. Since the studies with the
greatest range of exposure do not necessarily show the greatest effects, dietary variation in the
levels of exposure does not appear to explain differences among the studies, thereby making
differences in dietary sources of ALA of more importance especially in relation to meat

consumption in Western countries.

Variation in FFQs and Food Databases-

In terms of utilizing different FFQs and food databases, each study used a different
dietary FFQ. ALA content of processed food can vary, which can be of concern when using food
databases to translate food intake into fatty acid intake. For example, the ALA content of 12

margarines available in Australia range from 0.2% to 5.9% .

Variation in Adjustment Factors-

Although all the studies reported adjusted RRs or ORs, the adjustment factors were not
consistent among the studies. Some of the adjustment factors in these studies included age,
smoking history, physical activity level, BMI, family history of prostate cancer, history of
diabetes mellitus, race, education, socioeconomic status, area of residence and intakes of total
calories, fat, processed meat, fish, lycopene, and vitamin E supplements. Currently, the most
well-established risk factors for prostate cancer are age, family history of the disease, and
race/ethnicity °® and consequently are the most important adjustment factors. Only 4 2°**5 of the
12 included studies adjusted for all of these 3 factors. The studies conducted by Park et al. '* and
Mannisto et al. ** did not adjust for age, which is by far the strongest predictor of prostate cancer
incidence and death . A family history of prostate cancer has been shown to increase the risk of

diagnosis and death and this factor was not adjusted for in studies by Hedelin et al. >', Andersson
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etal. *®, and Mannisto et al. > Race is a prostate cancer risk factor and prognostic factor, with
African-American or Black men being at increased risk, and this was not adjusted for in the
adjustment among the included studies, particularly with respect to the important factors of age,
family history of prostate cancer, and race could result in differences in risk estimates, thereby

contributing to inter-study heterogeneity.

Variation in Follow-up Duration:
Follow-up time may also have an effect on heterogeneity, especially since the study by
Giovannucci et al. 2! had the longest follow-up duration (16 years). Comparing previous

2325 with this most recent study >, demonstrates a

prospective studies following the same cohort
shift over time (total of 12 years) from a non-significant to a significant positive association

between ALA intake and prostate cancer. So, it can be hypothesized that the heterogeneity

induced by this study may indicate that follow-up duration is positively related to the strength of

the association between ALA and prostate cancer risk. This association may relate to the

development of cancer over a longer period of time and therefore stronger association in the

cohort between agents that may cause cancer and tumour occurrence. Alternatively, this

relationship may reflect changes in diagnostic effectiveness over time. Afterinvestigating this

Reasons for the Lack of Effect of ALA

The overall effect of ALA on prostate cancer was found to be non-significant but may
result from a number of factors including ALA exposure levels that are within health guidelines,
confounding from other polyunsaturated fatty acids, and the difference in effect of ALA on
prostate cancer mortality versus incidence.

The mean dietary ALA intake levels observed in these studies were all within the dietary
reference intake (DRI) range of 1.1 to 1.6 g/d ®, suggesting that ALA may not increase the risk
of cancer more than any other nutrient promoting cell growth. Rather, since ALA is a nutrient
deficient in the Western diet ”°, it may be that a deficiency inhibits all cell growth, including

tumour growth, instead of adequate or excess levels causing prostate cancer growth.
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Another issue to consider is confounding from other polyunsaturated fatty acids such as
omega-6 or other omega-3 fatty acids (eicosapentaenoic and docosahexaenoic fatty acids) that
might affect ALA metabolism "' and consequently may introduce bias. The case-control study
from the United States > demonstrated this as there was no significant association between ALA,
omega-3, or omega-6 fatty acids and prostate cancer risk individually, but the highest dietary
ratio of omega-6/omega-3 fatty acids was significantly associated with increased risk of high
grade prostate cancer.

Finally, our analysis involved cancer incidence rather than mortality and ALA, among
other factors such as energy intake, height, body mass index, calcium, and smoking, are also
associated with cancer mortality *'. The study by De Stefani et al. 2, which was the only study
that defined cases solely as advanced prostate cancer, had the highest risk estimate of prostate
cancer, indicating that ALA may be strongly associated with disease severity-progression rather
than incidence. In support of this point, the prospective study by Giovannucci et al. *' found that
higher ALA intake was more strongly associated with increased risk of fatal prostate cancer than
with incident. However, three other prospective studies did not find any difference between the

L. 192022
effects of ALA on incident or advanced prostate cancer cases

. From these mixed findings,
it is unclear whether ALA is associated with severity of prostate cancer, but determining whether
ALA impacts prostate cancer incidence or progression is an important distinction that should be
investigated in the future. Furthermore, the picture of ALA’s effect on prostate cancer is
complicated by the positive association of incident prostate cancer with either serum or adipose
tissue ALA levels 2***4©4772 despite the in vitro evidence which suggests that ALA may
suppress prostate cancer cell growth > 7*. However, there appears to be some correlation between
ALA intake and serum ALA levels. In terms of intake, Gann et al. ** found that plasma ALA
levels were significantly positively correlated with meat and dairy product intake, and similar to
the prospective analysis from the Health Professionals Follow-Up Study %, they found that red
meat was positively associated with advanced prostate cancer, whereas diary foods were not.
This corroboration not only suggests a correlation between ALA intake and serum ALA levels,
but enforces the positive association between ALA from red meat and prostate cancer as seen in

the studies from Uruguay ** and Spain **, rather than from plant foods.

Limitations
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The first limitation of the meta-analysis is that all data currently available for inclusion
come from epidemiological studies since there are no data from randomized controlled trials due
to ethical concerns. Second, interpretation of the analyses was complicated by the evidence of
considerable heterogeneity among the studies, which as discussed above may have resulted from
differences in ALA sources and population dietary patterns, ALA exposure levels, FFQs and
food databases, adjustment factors, and duration of follow-up. There are also inherent limitations
in the studies included based on study design. Fhe-assoctationbetweenAl-A-intake-and prostate

HeweverFor example, there is the possibility of recall bias in case-control studies, as dietary

intake information is collected after disease development.
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In conclusion, these findings provide no clear evidence of an association between dietary
ALA intake and prostate cancer risk. Further, since these observational studies can only show
association between ALA intake and prostate cancer, possible causation would be difficult to
establish. Therefore, additional research from epidemiological, clinical, and in vitro studies are
required to elucidate whether ALA has a promotional, inhibitory, or no effect on prostate cancer
risk and development. For the present, no significant association has been found and where any
support of a positive effect was seen, red meat sources have been strongly implicated. The source
of ALA appears to be of importance, particularly identifying whether it is from animal or
vegetable sources, as ALA may be a marker for higher meat and fat intake in some countries
both of which have been associated with increased prostate cancer risk. Attention should also be
paid to the effect of ALA on prostate cancer progression to address the issues of specific

2132
1.

vulnerability identified in the studies of Giovannucci et al. and De Stefani et a . However,

resolving the relation of dietary ALA to prostate cancer risk through randomized controlled trials
will likely continue to be difficult due to the significant public health implications of
reducing/eliminating a dietary fatty acid which is essential and has suggested heart health
benefits. Of probably greater importance is determination of the sources of the fatty acid since
ALA is associated in the North American diet with meat membranes and creamy salad dressings,

which themselves may be markers of a suboptimal dietary pattern and lifestyle
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ARTICLE SUMMARY

Article Focus

ALA is considered a cardioprotective nutrient, however some epidemiological studies
have suggested that dietary ALA intake increases the risk of prostate cancer

A systematic review and meta-analysis of case-control and prospective studies was
conducted to investigate the association between dietary ALA intake and prostate cancer

risk

Key Mmessages

Strengths and Limitations:

The present meta-analysis of 12 observational studies (7 case-control and 5 prospective)
comparing the highest with the lowest categories of dietary ALA intake demonstrated
overall no significant association between ALA intake and risk of prostate cancer

The subgroup analysis of case control studies alone showed a positive non-significant
association, but with substantial heterogeneity. However, upon removal of the studies,
which reported large odds ratios, the association became wealkdy-non-significantly
protective butremained-non-stenificant-with decreased heterogeneity. The reasons for

this result may be explained by the differing sources of ALA

o The subgroup analysis of prospective studies alone showed a protective non-significant <-- - {

association, but with substantial heterogeneity. However, removal of the study by

Giovannucci et al. ?' eliminated heterogeneity and the association became significantly
protectiveea i Eet tond tati

Formatted: Bulleted + Level: 1 + Aligned at:
0.25" + Indent at: 0.5"

with-substantial-heterogenerty;,, | - {Formatted: Font: Bold, English (U.K.)

- —- ‘[Formatted: Indent: Left: 0.25"

This meta-analysis includes both prospective and case control studies to determine the
effect of ALA on prostate cancer

Possible confounders and sources of heterogeneity were discussed and explored in
relation to the results

Interpretation of analyses was complicated by considerable heterogeneity among the

studies, which may be due to lack of randomized controlled trials, variation in ALA
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sources and dietary patterns, variation in ALA exposure levels, differences in FFQs and

food databases, variation in adjustment factors, follow-up duration, and study design

“What this Paper Adds”

ALA is considered a cardioprotective nutrient, however some epidemiological studies have
suggested that dietary ALA intake increases the risk of prostate cancer. Although Carayol et al.
conducted a meta-analysis on the effect of dietary ALA on prostate cancer in 2010, only prospective
studies were analyzed and case-control studies were not included. Overall, we found no significant
association between ALA intake and risk of prostate cancer. The results from the prospective studies
were similar to those of previously published findings. However, the subgroup analysis of case control
studies alone showed a positive non-significant association, but with substantial heterogeneity. The case
control studies suggested an element of increased risk, which was dependent on the inclusion of two
studies with very high odds ratios, the reasons for which are difficult to explain. Additional research
from epidemiological, clinical, and in vitro studies are required to elucidate whether ALA has a

promotional, null, or inhibitory effect on prostate cancer risk and development.
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Tabl¢ 1 - Characteristics of studies included in the meta-analysis of alpha-linolenic acid intake and prostate cancer
Country of Incident Follow-up Relative Risk or

Study Origin Study Design Sample size Age (years) Cases (years) Exposure level (9/d) Odds Ratio 95% CI
Andgrsson et al. 1996 [38] Sweden Case-control 526 cases/536 controls <80 - - 0.817 - 1.352 0.93 0.65-1.32
Meyegr et al. 1997 [39] Canada Case-control 215 cases/593 controls 245 - - - 0.98 0.54-1.78
Schyurman et al. 1999 [18]* Netherlands Nested case-cohort 58,279 (1525 subcohort) 55-69 642 6.3 0.7-21 0.76 0.66-1.04
De Stefani et al. 2000 [29] Uruguay Case-control 217 cases/431 controls 40-89 - - <0.8-21.5 3.91 1.50-10.1
Rampn et al. 2000 [40] Spain Case-control 217 cases/434 controls <60-80 - - 0.72-21 3.1 2.2-47
Mannisto et al. 2003 [22]* Finland Nested case-control 198 cases/198 controls 50-69 246 5-8 1.0-23 1.16 0.64-2.13
Bidolj et al. 2005 [41] Italy Case-control 1294 cases/1451 controls 45-74 - - mean 1.6 0.7 0.6-0.9
Koralek et al. 2006 [20]* United States Prospective cohort 29,592 55-74 1898 5.1 1.09-1.75 0.94 0.81-1.09
Hedglin et al. 2007 [42] Sweden Case-control 1499 cases/1130 controls mean 67.3 - - 0.05-0.60 1.35 0.99-1.84
Giovannucci et al. 2007 [19]* United States Prospective cohort 47,750 40-75 3544 16 <0.79 - 21.32 1.12 1.01-1.25
Park|et al. 2007 [17]* United States Prospective cohort 82,483 245 4404 8 1.1-2.141 0.92 0.84-1.02
Willigms et al. 2011 [43] United States Case-control 79 cases/187 controls 218 - <1.0 - 4.156t 0.82 0.41-1.65
* Prospective studies.
1 Baged on a 2000 kcal diet.
Table 1 - Characteristics of studies included in the meta-analysis of alphadinolenic acid intake and prostate cancer

Country of Age Incident  Follow-up Relative Risk or

Study Origin Study Design Sample size (years) Cases (years) Exposure level (g/d) Odds Ratio 95%Cl
Andersson et al. 1996 [38] Sweden Case-control 526 cases/536 controls <80 - - 0.817 - 1.352 0.93 0.651.32
Meyer et al. 1997 [39] Canada Case-control 215 cases/593 controls >45 - - - 0.98 0.54-1.78
Schiurman et al. 1999 [18]*  Netherlands Nested case-cohort 58279 (1525 subcohort) 5569 642 6.3 0.7-21 0.76 0.66-1.04
De Stefani et al. 2000 [29] Uruguay Case-control 217 cases/431 controls 4089 - - <0.8-=1.5 3.91 1.50-10.1
Rarmon et al. 2000 [40] Spain Case-control 217 cases/434 controls <60-80 - - 0.72-21 3.1 2247
“Vanpistoet-al—20063 intanc 98-cases 8controts B B -o4-2
Biddi et al. 2005 [41] ltaly Case-control 1294 cases/1451 controls 4574 - - mean 1.6 0.7 0.60.9
Korglek et al. 2006 [20]* United States Prospective cohort 29,592 5574 1898 5.1 1.09-1.75 0.4 0.81-1.09

in et al. 2007 [42] Sweden Case-control 1499 cases/1130 controls  mean 67.3 - - 0.05-0.60 1.35 0.99-1.84

G nucci et al. 2007 [19]* United States Prospective cohort 47,750 40-75 3544 16 <0.79-21.32 1.12 1.01-1.25
Par et al. 2007 [17]* United States Prospective cohort 82,483 >45 4404 8 1.1-214t% 0.92 0.84-1.02
Willi et al. 2011 [43] United States Case-control 79 cases/187 controls >18 - - <1.0-4.156t 0.82 0.41-1.65
* Prgspective studies.
1 Bgsed on a 2000 kcal diet.
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? 12
8

9

10

11

12 243 References identified

13 98 MEDLINE (1948-2012)

14 145 EMBASE (1974-2012)

15

16

17 233 Excluded based on title or abstract
18 2 Included (manual search) I—b 100 duplicates

19 62 reviews or meta-analyses

20 9 commentaries/letters

21 2 guidelines

22 20 animal or in vitro studies

23 40 studies with no ALA intake data
24 4 Included (manual search) | and/or unsuitable endpoints

26 v
27 | 16 Full-articles reviewed

- 4 Excluded

1 ALA covariate

2 duplicate data
32 s

33 1 study with no ALA intake data
34 v

35 12 articles included in the meta-analysis

40 Figure 1 - Flow of the literature.
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Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% Cl  Year IV, Random, 95% CI
Andersson 1996 (48] 8.4% 0.93 [0.65, 1.33] 1996 —
Meyer 1997 [49] 5.2% 0.98 [0.54, 1.78] 1997 —_— T
Schuurman 1999 [20] 10.5%  0.76 [0.61, 0.95] 1999 —
De Stefani 2000 [32] 2.7% 3.91(1.51, 10.15] 2000
Ramon 2000 [45] 8.0% 3.10([2.12, 4.53] 2000 —_—
Mannisto 2003 [24] 5.1% 1.16 [0.64, 2.12] 2003 e
Bidoli 2005 [50] 10.9% 0.70 [0.57, 0.86] 2005 ——
Koralek 2006 [22] 11.6% 0.94 [0.81, 1.09] 2006 -
Hedelin 2007 [51] 9.1% 1.35 [0.99, 1.84] 2007 —
Park 2007 [19] 12.2% 0.92 [0.83, 1.01] 2007 =
Giovannucci 2007 [21] 12.1% 1.12 [1.01, 1.25] 2007 il
Williams 2011 [52] 4.3% 0.82 [0.41, 1.64] 2011 S
Total (95% CI) 100.0% 1.08 [0.90, 1.29]
Heterogeneity: Tau® = 0.06; Chi* = 71.45, df = 11 (P < 0.00001); I* = 85% 1 t } } } t
Test for overall effect: Z = 0.84 (P = 0.40) 0.1 [I)-'-airourg-iLAjFavgurs Coéntrirlé

Figure 2 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control, nested
case-control, nested case-cohort, and cohort studies. Relative Risk (RR) with 95% CI, study
weights, and pooled effect estimates were generated using the general inverse variance method
with random effects models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study
heterogeneity was tested by Cochrane’s Q (Chi?) at a significance level of P<0.10 and quantified
by I?, where I> 50 % is considered to be evidence of substantial heterogeneity and >75%,

considerable heterogeneity .

Risk Ratio Risk Ratio
Study or Subgroup Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Andersson 1996 [48] 15.7%  0.93 [0.65, 1.33] 1996 —a—
Meyer 1997 [49] 13.5%  0.98 [0.54, 1.78] 1997 —_—
Ramon 2000 [45] 15.5% 3.10([2.12, 4.53] 2000 —
De Stefani 2000 [32] 10.0% 3.91[1.51, 10.15] 2000 e —
Bidoli 2005 [50] 16.7% 0.70[0.57, 0.86] 2005 -
Hedelin 2007 [51] 16.1% 1.35 [0.99, 1.84] 2007 -
Williams 2011 [52] 12.5% 0.82 [0.41, 1.64] 2011 —_—

Total (95% CI) 100.0% 1.30 [0.81, 2.07]
Heterogeneity: Tau® = 0.33; Chi* = 57.44, df = 6 (P < 0.00001); I’ = 90% 4 } } } } }
Test for overall effect: Z = 1.10 (P = 0.27) 0.1 [li-az\a'our[;-iLAjFavzurs Céntrélﬁ

Figure 3 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control studies.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane

Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi’) at a

Comment [R3]: Might be useful to include the n
/| cases and n controls in each figure. Not mandatory,
;| butTlike to see them. If you are using the generic
inverse variance, then RevMan allows you to

manually enter these.
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1
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5
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7
8
9 significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of
12 substantial heterogeneity and >75%, considerable heterogeneity >°.
12 . . . .
1 Risk Ratio Risk Ratio {Formatted: Space After: 12 pt
3 Study or Subgroup Weight 1V, Random, 95% Cl  Year IV, Random, 95% CI /)
14 Andersson 1996 [48] 22.2%  0.93 [0.65, 1.33] 1996 —a— /
/
15 Meyer 1997 [49] 14.0%  0.98 [0.54, 1.78] 1997 —_— ;
16 De Stefani 2000 [32] 0.0% 3.91[1.51, 10.15] 2000 /
Ramon 2000 [45] 0.0%  3.10[2.12, 4.53] 2000 K
17 Bidoli 2005 [50] 28.2% 0.70 [0.57, 0.86] 2005 4 /
18 Hedelin 2007 [51] 24.0%  1.35[0.99, 1.84] 2007 ——
19 Williams 2011 [52] 11.6% 0.82 [0.41, 1.64] 2011 —
20 Total (95% CI) 100.0% 0.93 [0.69, 1.25]
21 ity: Tau? = - Chi* = = = R= —t : ' —t
_I-l-_let:rrogenmty.”Ta;fu N ;P?{'} ;:;I . _1;.;2_ df = 4 (P = 0.01); | 68% d1o7 o 1 3 1
22 est for ouerall effect: Z = 0.47 {F = 0.64) Favours ALA  Favours Control
23
24
25
26
27
28
29
30
31
32
33
34
35
36 Risk Ratio Risk Ratio
37 Study or Subgroup Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
38 Andersson 1996 [48] 34.1% 0.93 [0.65, 1.33] 1996 —a—
Meyer 1997 [49] 13.4% 0.98 [0.54, 1.78] 1957 —_—
39 De Stefani 2000 [32] 0.0% 3.91([1.51,10.15] 2000
40 Ramon 2000 [45] 0.0% 3.10([2.12, 4.53] 2000
41 Bidoli 2005 [50] 0.0% 0.70 [0.57. 0.86] 2005
42 Hedelin 2007 [51] 42.5% 1.35 [0.99, 1.84] 2007 il
43 Williams 2011 [52] 10.0% 0.82 [0.41, 1.64] 2011 e
44 Total (95% CI) 100.0% 1.08 [0.86, 1.36] ?
e 2 _ . 2 _ _ T I } } I I I
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Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% CI Year IV, Random, 95% CI
Schuurman 1999 [20] 16.6% 0.76 [0.61, 0.95] 1999 —]
Mannisto 2003 [24] 4.1% 1.16 [0.64, 2.12] 2003 ——
Koralek 2006 [22] 23.4% 0.94 [0.81, 1.09] 2006 -
Park 2007 [19] 28.4% 0.92 [0.83, 1.01] 2007 =
Giovannucci 2007 [21] 27.5% 1.12 [1.01, 1.25] 2007 -
Total (95% CI) 100.0% 0.95 [0.84, 1.09] 4

1 1

Heterogeneity: Tau® = 0.01; Chi* = 13.03, df = 4 (P = 0.01); I = 69% d

Test for overall effect: Z = 0.70 (P = 0.48) 102 05 1 2 5 10

Fawvours ALA  Favours Control

Figure 46 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a
significance level of P<0.10 and quantified by I?, where I*> 50 % is considered to be evidence of

substantial heterogeneity and >75%, considerable heterogeneity >.

Rate Ratio Rate Ratio
Study or Subgroup Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Schuurman 1999 [20] 12.8% 0.76 [0.81, 0.95] 1999 —
Mannisto 2003 [24] 1.9% 1.16 [0.64, 2.12] 2003 I
kKoralek 2006 [22] 28.1% 0.94 [0.81, 1.03] 2006 :
Park 2007 [19] 57.1% 0.92 [0.83, 1.01] 2007
Total (95% CI) 100.0% 0.91 [0.83, 0.99] 4

Heterogeneity: Tau® = 0.00; Chi* = 3.27, df = 3 (P = 0.35); I' = 8% é

Test for overall effect: Z = 2.28 (P = 0.02) 102 05 1 2 5 10

Favours ALA Favours Control

Rate Ratio Rate Ratio
Study or Subgroup Weight 1V, Random, 95% Cl  Year IV, Random, 95% CI
Schuurman 1999 [20] 12.8% 0.76 [0.61, 0.95] 1999 ——
Mannisto 2003 [24] 1.9% 1.16 [0.64, 2.12] 2003 o e
Koralek 2006 [22] 28.1% 0.94 [0.81, 1.09] 2006
Park 2007 [19] 57.1% 0.92 [0.83, 1.01] 2007 ;
Giovannucci 2007 [21] 0.0% 1.12 [1.01, 1.25] 2007
Total (95% CI) 100.0% 0.91 [0.83, 0.99] #

Heterogeneity: Tau® = 0.00; Chi* = 3.27, df = 3 (P = 0.35); I' = 8% é 1 012 DIS — t 1&:
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9 Figure 57 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies

12 after the systematic removal of the study by Giovannucci et al. *' following a sensitivity analysis.

12 Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated

13 using the general inverse variance method with random effects models (RevMan 5.1, Cochrane

13 Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi?) at a

16 significance level of P<0.10 and quantified by 12, where 1> 50 % is considered to be evidence of

ig ’ substantial heterogeneity and >75%, considerable heterogeneity >.
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14 233 Excluded based on title or abstract
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16 62 reviews or meta-analyses

9 commentaries/letters
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19 40 studies with no ALA intake data
? : .
4 Included ( I search) l and/or unsuitable endpoints

21
|
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24 1 ALA covariate

25 2 duplicate data
1 study with no ALA intake data

27 12 articles included in the meta-analysis |

Figure 1 - Flow of the literature.
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Figure 2 — Pooled effect of dietary ALA intake on prostate cancer risk in case-control, nested

case-control, nested case-cohort, and cohort studies. Relative Risk (RR) with 95% CI, study

weights, and pooled effect estimates were generated using the general inverse variance method

with random effects models (RevMan 5.1, Cochrane Library software, Oxford, UK). Inter-study
heterogeneity was tested by Cochrane’s Q (Chi®) ata significance level of P<0.10 and quantified

by I, where I> 2 50 % is considered to be evidence of substantial heterogeneity and 275%,

considerable heterogeneity =
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Figure 4 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi%) ata
significance level of P<0.10 and quantified by I, where I > 50 % is considered to be evidence of

substantial heterogeneity and 275%, considerable heterogeneity =
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Figure 5 — Pooled effect of dietary ALA intake on prostate cancer risk in prospective studies
afiter the systematic removal of the study by Giovannucci et al. > following a sensitivity analysis.
Relative Risk (RR) with 95% CI, study weights, and pooled effect estimates were generated
using the general inverse variance method with random effects models (RevMan 5.1, Cochrane
Library software, Oxford, UK). Inter-study heterogeneity was tested by Cochrane’s Q (Chi®) ata
significance level of P<0.10 and quantified by I, where I’ > 50 % is considered to be evidence of

substantial heterogeneity and 275%, considerable heterogeneity .
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